NpsH O~/ 7353

NASA-CR-176355
19860003826

A Reproduced Copy

OF

A58 - /7,355

Reproduced for NASA
by the
NASA Scientific and Technical Information Facility

LIBRARY GOPY

MAY 1 9db

LANGLEY RESEAR: WYER
LIBRARY, NASA
HALISTON, VIRGIMIA

FFNo 672 Aug 65 RGN




‘e,

(FASA-CK=-176355) AN INVESTIGATION INTO THE N86~13254

VERTICAL AXIS CCHTIRCL EOWEER FEQUIREHENTS FOR

LANDING VTOL TYEP AIRCRAFT ONEOARD

NONAVIATIUN SHIES IN VARIOQUS SEaA STATES - Unclas
(Kansas Univ. Center for Besearch, Inc.) G3/02 04835

The University of Kansas Center for Research, Inc.

i 66045
2291 lrving Hill Drive-Campus West Lawrence, Kansas ;
| , , ;
‘ l | LY. ’ )

Neb- 432

R PSS EI TR L RPN % WL PO e |

b — -

— e e e

s 3 iy : J A e - s T
LR i naatiesiie S L P 2V SAPTURIPIIA- ¥ 5 3 5 TR TR JIFPIPLL §8 ISP SRPPIERL IS

- 7 SNWE 13 Yk 18-S 1
—— ‘..—

st Ve A9
P

2

e



Report on Research
Performed under
NASA Cooperative Agreement NCC 2-242,
"V/STOL Handling and Control Power Requirements"

AN INVESTIGATION INTO TEE VERTICAL AXIS
CONTROL POYER REQUIREMENTS FOR LANDING
VIOL TYPE AIRCRAFT GREOARD NOH-AVIATICN SHIPS
IN VARIOQUS SEA STATES

KU-FRL-623-1

Prepared by

Mark E. Stevens

Principal Investigator: Jan Roskan

Flight Research Laboratory
University of Ransas Center for Research, Inc.

La&rence, Kansas 66045

July 1985

s
~

o o,

N et A e e o

————— A 6 WOk

QP v

o g

w.....v..._...‘.,..._.,_..._4,
A
o r
Po.o DRI Ly FIXCEE

A

7



ABSTRACT

The problem of determining the vertical axis control
requirements for landing a VIOL aircraft on a moving ship deck in
various sea states is_examined. Both a fixed-base piloted
simulaiion and a non-éiloted simulation were used to determine the
landing performance as influencéd,by thrust-to-weight ratio,
vertical damping, and engine lags.

The piloted simulation was run using a fixed-base simulator at
N.A.S.A. Ames Résearch Center. Simplified versions of an existing
AV-8A Harrier model and an existing head-up display format were
used. The ship model used was that of a DD963 class destroyer.

Simplified linear models of the pilot, aircraft, ship motion,
and ship air-wake turbulence were developed éor the non-piloted
simulation. A unique aspect of the non-piloted simulation was the
development of a model of the piloting strategy used for shipboard
landing. This model was refined during the piloted simulation until
it provided a reasonablyigood representation of observed pilot
beha&ior. Further reéinement could lead to a model suitable for
prediction of landing performance of VTOL aircraft on ships and as
the basis of control logic for automatic landing.

A surprising result of this simulation was that, with a good
station keeping control system and with statistical ship motion
displayed on the head-up display, piloté could' consistently perform
safe landings in sea state 6, w?th handling qualities that were

adequate at thrust-to-weight ratiog greater than 1.03 and even
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marginally adequate down to thruét-to-weight ratios of 1.01. These
results should hold quite generally provided that a thrust-to-weight
ratio of 1 + A is interpreted as meaning that thé pilot always has

the capability of accelerating the aircraft at Ag upward even in the

presence of qround effect and hot gas reingestion.
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I. INTRODUCTION

The problem of landing V/STOL aircraft aboard destroyer glass
ships has been investigated in the past (References 1-3). Several
méthods have been used to determine the feasibility of, and the
control/display systems needed, to accomplish this task.

Many of the researchers in this_aréa began with the premise
that for the sucdes§£u1 completioﬁ of this'task, it would be
necessary for the pilot/aircraft system to have the capability of
in-phase chasing of the ship deck. The vertical task then was to
start at a specified altitude, descend at a reasonable rate and
begin to match the vertical motion of the ship deck. If the ship
deck motion can be matched in both phase and amplitude, then it is

only a matter of establishing a small relative descent rate and a

reasonable landing can be made. There are, of course, problems with

this technique. In high sea states (5-6) the frequency of the ship
motion is near the ma#imum piloting fgequency (~4 rad/sec). In
attenpting to match both the phase and amplitude of the ship motion,
the pilot is forced to operate at close to his breakAfrequency and
at fairly high gain. The aircraft must incorporate a high thrust-’
to-weight ratio to achieve the maximum amplitudes in the time
required. The combination of high piloting. frequency and gain with

high thrust-to-weight ratio can cause lags and a tendency to

overshoot. If in addition there is a large system lag due to engine

spool time, display lags, and pilot delay times, the phase lag can

become excessive to the point of producing large touchdown
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velocities and an unstable system. This has been demonstrated in
computer simulations (Reference 1). As a result it is generally
concluded that deck chasing is not a reliable method for landing an
aircraft with reasonable accuracies or consistently low touchdown
velocities. This conclusion is confirﬁed in helicopter operations
onto small ships.

A second approach was based on the idea that the pilot could
loiter until a lull in the ship motion occurred. Some of the
research indicates that adequate lulls are not frequent occurrences
or are too short in duration to- be useful. For example Reference 1,
which investigated results for the two lull criteria given in Table
1, determined that for the more conservative criterion no lulls
occurred in the Db963 ship motion ﬁodel over a period of 1800
seconds. For the less stringent criterion, 52 lulls occurred in
this time period, or the average of 1 every 33 seconds. This
indicates lulls of very short duration.

ﬁeference 1 conéldaég'that looking for lull conditions under
high sea states in order to make a landing is not very feasible.
Other research conducted in the area of lull prediction (Reference
2) indicates that }ull conditions (defined as the time fro@ which
there are 2 successive peaks under the mean value of the positivg
peak'amplitude envelope until 2 successive peaks over that value)
occurs at the rate of 1 every 70 seconds and are of 10 to 60 seconds

duration. Another consideration is found in Reference 3 where a
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Table 1: Example Lull Criteria

Reference 1 = LULL CRITERIA

Motion

Component Criteria Criteria
Limit 1 2
Longitudinal Vel. 2 ft/sec 3 ft/sec
Lateral Velocity 2 ft/sec 3 ft/sec
Vertical Velocity 2 ft/sec 3 ft/sec
Pitch : 1° R
Roll 2° 3°
Pitch Rate 2 %°/gec 8 %°/sec
Roll Rate 2 %/sec 8 °/sec
No. of Occurrances 0 52

Based on 1800 sec.
of DD963 ship model motion for Sea State 5.

description of sea trials performed using a SH-2F helicopter

indicated that pilots were cften unable to determine visually whem a

lull was occurring. The above information indicates that in general

it is not practical for fixed wing VTOL aircraft to loiter for the
required time periods in the high fuel use state of hovering while
waiting for qptimum landing conditioﬁs.

Another area of research involved the use of éhip motion
prediction schemes. Research in this area has shown some promising
results., Computer studies have shown that ship motion can be
predicted with reasonable accuracies for 10-15 seconds' in advance
(Reference 4). Given this capability, it has been demonstrated in
computer studies using optimal control modeling techniques, that
autopilot landings can be made with touchdowﬁ velocities on the

order of 1 ft/sec in sea state 5 conditions (Reference 5). The
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advantage ﬁo using a system in which the ship position is predicted
in advance and updated as the approach progresses comes from being
able to adopt a control strategy in which the aircraft is cﬁasing a
slower moving prediction point rather than the real time deck
motion. This adds lead, thereby requiring less effurt on the part
of the gystem as dehonstrated by adequate performance at thrust-to-
weight ratios of 1.,05. The major problem here is that motion
prediction for destroyer class ships in high seas has not been
demonstrated. ‘ |

The research conducted for this report is directed at the
question of whatithrust-toeweight ratios, and vertical velocity
damping are';equired to aliow a pilot to make an acceptable landing
given adequate situat;onal information.

It is clear that it is desirable to land with low touchdown
velocities using low thrust-to-weight ratiosg, and without wasting
time in the high fuel consumption state of a hovering loiter waiting

for lulls in the ship motion.
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II. ANALYSIS OF. HOVER HEIGHT CONTROL

To provide some insight into the problem and the modelg being
used in this research, the following facts are presented;‘>1) Tﬁe
current AV-8A Harrier aircraft has a maximum touchdown velocity
limit of 12 ft/sec. 2) The DD963 ship motion model has a maximum
ship deck heave velocity (3 sigma value) of 17.5 ft/sec. 3) In sea
gtate 6, the ship has a heave velocity equal to or greater than
12 ft/sec for less than 0.6% of the time. 4) The maximum heave
velocity values occur in a region close to the ship motion mean
position. 5) The lower velocities occur in the peak and trough
regions of the motions. The above facts in conjunction with the

ship motion histogram for sea state 6 would indicate that if the

. pllot did nothing but maintain a descent velocity of less than

2 ft/sec, he would touch down within the AV-8A gear limits
approximately 97% of the time. The ship moticn statistics show that
a maximum heave velocity of 12.5 ft/sec is encountered at the 2
sigma heave amplitude for sea state 6 conditions. These same
statisties show that the 2 sigma heave amplitude values are reached
at reasonable time intervals of approximately 1 per minute. This
frequency .increases to 1 every 40 seconds for amplitudes of 1 foot
below the 2 sigma value. These facts suggest a landing strategy
differing from both the "deck chasing” and "lull waiting." This
gtrateqgy has the pilot descend ﬁo the 2 sigma height above the mean
deck position. At tﬁis height the pilot waits and watches the ship

motion., If it zppears that a 3 sigma amplitude (high velocity) deck
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motion is imminent, the pilot has enough height, and therefore lead
time to begin an ascent, landing at the more desirable higher
altitude. (lower ship and relative velocity) as the deck catches up
to him. If it appearé that the deck position is going to peak
somewhat below his éresent altitude, there is again enough lead time
to begin a slow descent and land near the crest {low ship velocity'’
position) of the deck motion. The 2 éigma height above mean deck
position meets the desired criteria for the strategy. It offers an
easily obtained position without contincus deck chasing, provides
the buffer needed to escape the high velocity portions of the deck
motion, and presents the pilot with numerous landing opportunities
without a lengthy loiter period. To accomplish this, the pilot must
be presented with a suitable indication of mean deck position and
the 2 and 3 sigma values of‘deck position relative to the. aircraft's
landing gear. This'informafion requires measurement of the ship
motion for several minutes prior to the arrival of the aircraft and
the gtan;mission of this infarmation to the aircrafﬁ for use in the
head-up display. Real time information is also required to show the
pllot where the deck is currently positioned within the bounds of
the probable travel. The pilot can then monitor the ship motion,
obtain an acgcurate deck posiéion relative to the mean, and make his
prediction as go how fast it ig mdving and whéretits position will
be in a couple of seconds. .
An investigation of thé proposed landing strategy was cond.cted

along two lines: namely, a non-piloted simulation and a piloted
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simulation. The non-piloted simulation incorporates a linear pilot

~model and vertical axis aircraft model. In addition there i3 a

flight path command logic section, a command flight path subroutine,
a ship motion subroutine, and a turbulence modeling subroutine.
Input variables are pilot gqain, maximum thrust~to-weight ratio, sea
state, vertical velocity damping coefficient, pilot time delay, and
engine lag.

The piloted simulation used . the cﬁair 6 simulator at the
N.A.S.A. Ames Research Center. This fixed-base simulator consists
of a cab containing the normal. cockpit controls and a single forward
looking window through which a visual image of the outside
environment can be obtained. The visual image is provided by a
camera-terrain- board imaéinq system. A head-up display can be
superimpoéed on the outside scene to provide flight situation
information to the pilot. The cockpit also contains a unique
throtﬁle/nozzle control quadrant used for V/STOL simulation.
Slightly modified versions ofvan existing math model of the AV-8A
(rReference 6) and an existing head-up display format were used. The
math model was linearized in the vertical axis and the display
format simplified to represent only informaﬁion needed to fly the

vertical axis.
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A. CONTROL TASK

The task to be flown begins with the aircréft at an initial

altitude of 45 ft abbve the mean‘deck position in a gtabilized hover

directly over the bull's-eye on the ship deck landing pad. The

pilot uses the throttle to control altitude and vertical velocity to

descend to an initial hover altitude. This initial hover altitude
is the 2 sigma value of ship @eck position above'the mean, as

designated by a line on'the head-up display (HUD)., The pilot then
lands at his discretion, based on the ship deck motion information

presented on the HUD.

There are two variations of this task. 1In the first variation,

the ship deck motion boundaries and refefence lines are not
displayed on the HUD and the pilot makes the landing without the 2
sigma reference. 1In the second variation, an attitude command
control system replaces.the translational velocity command control
system which creates an effective sidetask in that the pilot nust
actively maintain the aircraft position over the bull's-eye, using

the control stick, while: performing the vertical task.

B. THE NON-PILOTED SIMULATION

The non-piloted simulation was run through a control program
which links the main program with flight path, ship motion, and
turbulence subroutines, data files, and subroutines for output of

statistical and plotted data. Figute 1 shows the flow path diagram
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between the various programs and files., Thé main'prqéram contains
the flight path command logic, pilot»neuromuscglat model, and
aircraft models. A block diagram showing the model transfef

. functiong is shown in Figure 2.

The rationale for developing a non~piloted simulation was that
it provided a relatively low cést test of the feasibility of the
proposed laﬁding strategy and itsg ability to minimize the ;equirgq
T/W. In. addition it was conjectured that comparison o: the résuits
of such a éimulation with the piloted simulation would provide a
test of the validity of the intuitive nocions underlying the assumed
way the pilot would implement the strategy. Perhaps not too
surprisingly, the task turned out to be much more invloved than
originally thought, and refinements to incorporate additional
features suggested by the piloted simulation was a continous
process. Nonethéless, the insight gained by the exercise was
invaluable,

The Approximate Inverse Laplace Transform (A.I.L.) method (see
Appendix A), was used to solve the differential equations describing
the pilot and aircraft transfer functions. From a review of the
literature and looking at the task to be flown, it'appeared from the
beginning that the pilot transfer function would be the major
problem, For the type of problem being loocked at, a generic
aircraft transfer function could be used, but because of the
amplitudes and frequencies involved in the ship motion, it was

apparent that the time constants used in the pilot transfer function

10
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would be more critical. It was also desiréd to keep the pilot %
transfer function separated from the aircraft transfer function as
much as possible, so that either the pilot or aircraft portion of
the program cauld be moved as a block, eithef for use in other
programs or to facilitaté looking at other systems in the current
program. This need to separate the transfer functions complicated

the A.I.L. equation set-up.

C. ANALYTICAL MODELS.

1. Aircraft Model

The dynamics of the aircraft vertical axis are represented by
two first order cascaded transfer functions (Figure 2), one . a
representing the airframe vertical velocity response to a thrust }
change, and the second representing the engine response to a power E
lever input. The feedback from the aircraft to the pilot is assumed 5
to be aircraft altitude only. i
. ; . - N
Only the vertical axis of the aircraft is modeled. The first Py
order powerplant transfer function representing powerplant lags is E g
N
aT/w_ 1 (1) . ; !
dT/W_ (ELC s + 1) s
i
Cascaded to this is the aircraft transfer function:
h g
= (2)
dT/w
/ (52 + Z s)
w \
To give a total vertical axis transfer function of X
12 ' ' N
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9T/, 18 + (1/mcC + zw)s2 + (2, /ELC)s)

h (g/ELC) ) (3)

A limiter is put on the pilot ocutput of T/W to prevent any input
above the maximum T/W ratio or below 0; i.e., the pilot can not
command a negative thrust., ‘

The engine lag constant, ELC, is one of the parameters on which

the control requirements depend.

2. Pilot Model

~The pilot transfer function was first set up using a first
order lead-lag multiplied by the Padé approximation (Figure 2).

. This transfer function was looked at using the Linear Systems
Analysis Program (LSAP). Bode ploté, roct locus plots, and time
history plots were loocked at to determine values for lead and lag
time constants which gave the best results for both a step input and
a sine-wave input. The values which subjectively produced Autputs
similiar}to those expected from a piloted simulation were then used
in the non-piloted simulation. Because the computer.program is
nonlinear, several runs were made to determine which values for lead
and lag still gave a good combination of rise time for step inputs
and small phase. and position errors in following a sine-wave.

Values for thé lag time constant, TG, of 0.1 secs and for the lead
time constant, TL, of 0.5 secs were finally selected, These values
are within the range of values usually quoted for pilot modeis

(Reference 7).
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Because a pure time delay could be programmed into the non-
piloted simulation, the Pad4 approximation, which was needed in the
analysis using LSAP, was replaced.

The pilot transfer function is

- (TL s + 1) :
Yp"Kp (TG s + 1) (4)

The pilot's logic is represented by a logic section in the
simulation, The logic section congists of 4 basic sections. The

first section is a series of logic statements which determine which

of the other 3 sections will be used to provide the commanded flight .

path. 'These sections will be referred to subsequently as ABORT TO
HOVER HEIGHT, CHASE, and RUN FROM.

If the aircraft is more than 6 ft above the ship éeck, or has
followed the ship deck below a specified abort chase altitude, or
has exceeded a specified vertical velocity (a function of the
maximum available T/W), the flight path'command logic enters the
ABORT TO HOVER HEIGHT section. The hover heightbis the 2‘sigma
value of the ship deck heave above the ship deck mean position. The
CHASE sequence is entered if the ship deck is within 6bft of the
aircraft and the ship deck velocity is less than 2 ft/sec
(approaching the aircraft) and decreasing. When tpe-CHAsg sequence
is entered, the aircraft flight path is commanded to match the ship

motion. The RUN FROM sequence is entered if the ship deck velocity

is greater than 2 ft/sec or if the velocity is increasing; i.e., the

ship is accelerating toward the aircraft. In the RUN FROM sequence,

the commanded altitude is the ship position plus.an exponential
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smoothing function (a function of time, based on when the sequence

Ly
S
G

was entered). Because the exponential function dies out with time,

@ v————

the aircraft is prevented from climbing to excessive altitudes
before one of the other sequences is initiated. A block diagram and ‘

example time history of the flight path command logic prior to the:

piloted simulation are presented in Figure 3.

After results were.obtained from the piloted simulation, models
representing the time the pilot spends flying a pértlcular pértion
of the task and delays in perception were added. Since the pilot

scans the situation and instruments and corrects errors in a

sequence rather than in parallel, the time delay was divided into a

combination of the pure delay and a gap where' the input was
maintained at a given value for the time a pilot could be considered ‘; é

{
flying another axis or scanning other instruments and therefore not

activily flying the vertical task. The length of the time delay,

the length of the gap, and how often the gap occurs are variables

e L

that can be initialiéed at the beginning of a run. In addition
there are inputs for pilot preception error noise and pilot internal

noise. These are discussed in more detail later,

e e e
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3. Shig Model ‘ H

An understanding of sea state can be gained by referring to the
chart in Figure 4. Sea state is shown with the associated wind,

wave heights, lengths, and periods. Sea state 6 is considered i

o gt e gt
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— significant in that it is estimated that operational capability

under these conditions would precvide for use of aircraft 67% of the
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WIND WAVES AT SEA i /;1"?
| ’“‘
Corresponding values lie on a vertical line T sl
7 T 7 . T T T 'F -r f o
1 WIND VELOCITY (knts) & 5 6 1.8 9 10 70 30 4 50 6D 7p v
haieded Lo
2 BCAUFORT WIND 1 2 3 4 5 6 718 (9 |10lu AL
and DESCRIPTION Light 1ight gental moderate |{resh |[strong Imod ¥fresh]|str khole storn ‘.",_,'
air breeze brecze breeze |breeze|brezze eratd gale|ong hale : /.f
galg gal oy
[ 1 1 T T Vi
. - | T '
3 RUQUIRED FETCIl Fetch {s the number of miles a given 50 100 200 300 400 500 630 700 ,)
(1) wind has been blowing over open water. 7y ) t 1 1 { | . m— P
4 REQUIRLD WIND Duration i{s the time a given wind has 5' 2'0 25 JIO JT e o
DURATION (hr) been blowing over open water. { | ) ) _F__ - R
T | ! LR | P I .o
5 WAVE HEIGHT 4 ! £
(Crest to Trough (ft)) 1 2] v!;'igc ? 8 1]0 1? 20 2]5 3[0 40 SlO ?0 /_,
- o y \
6 'STA STATE 1 2 BT 0 5 | s 7 8 f w
. and DESCRIPTION smooth slight moder frough {very { high very percipitous
- ate roughl high
~ i T T T T -7 'g- - ;
7 WAVE PERIOD (sec) 1 2 3 4 6, 8 10 12 lq 1 18 2 !
8 WAVE LENGTH (ft) 20 40 60 80 100 150 200 300 400 sqo 600 _8po 100 14p0 149_?
[ e .
9 NAVE VELOCITY (knts) 3 10 15 20 25 3p 33 4{) 45 sp sy 6p :
i < -] Y
10 PARTICLE VELOCITY (ft/sec) i ' 2,l 3 4: D 1:0 ? 1 &
i - a
11 WIND VELOCITY (knts) a5 6 18 9 10 20 0 40 60 bt :
: 1 1 I I 1 PO ) 1 1 [N P — -
This table applies to waves generated by the local wind and dows not apply to swell orginating elsewvhere. . ".
WARNING NOTE: Presence of swell makes accurate wave observations exceedingly difficult. “.‘
4. The height of waves 13 arbitrarily chooscn as the height of the highest 1/3 of the
waves, Occasional waves by interference between waves or betueen waves and swvell
may be considerably larger.
b. The above values are ouly approximate due to lack of precise data nnd to the diff{-
culty in expressing it in a single easy way.
c. Below the surface the wave motion decreases by 1/2 for every 1/9 of a wave length
of depth increase.
Figure 4: Wind Waves at 3ea
N AN
\,
N
—:-_...“‘, e ° - }: —— T T e e e s A S . 3 e =+ 3 G \
e . )
i‘ o . - 4y e e o __.“L.- o b e Ve n e . - e . T . o b e am ‘.;‘-G -t
- S L - PN e g e ¢ Y — o e - e o .
N : B | % " ;
N\, H ‘\ 1 : *
S ‘_ |
AN F ' ‘




—

time, in the Ndrth Atlantic during January. If operations can be
conducted only under sea state 3 conditions, operations would be
limited to 31% of the time.

It should be noted that ship motion may be considerably greater
than indicated by the wave amplitude values. For example in sea
state 6 the wave height maximum is 20 ft from crest to>trough. The
heave motion for the DD963 class destroyer can approach 40 fﬁ from
crest to trough under sea state 6 conditions.

The DD963 Spruance class destroyer model was used for both the
piloted and non;piloted'simulation. This ship’ was chosen because a
motion program for use with the piloted simulation was already
available, The DD963 is §ohsidered to be typical of the type of ship
from which VTOL operations could be conducted. The non-piloted
simulation was set up so that data for other ships, as contained in
Reference 8, could also be used. To provide some perspective of the
ship used, Fiqure 5 shows a listing of ships according to type and
class, information‘on the number of helicopters (assumed replaceable
by VIOL aircraft) that can be carried, dimensional information, and
a chart showing displacement.

A single degree of freedom ship model was programmed using the
method outlined in Reference 9, The data for the DD963 class
destroyer were obtained from Reference 8. The model consists of the
superposition of twelve sine waves, six representing the heave
motion at ﬁhe ships center of gr;vity and six representing the pitch

motion. The pitch motion is multiplied by the appropriate moment
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HELI-
SHIP TYPE CLASS COPTER DIMENSIONS DISPLACEMENT
" T ¥ L T L]
RELIANCE C. G. CUTTER WMEC 615 1 210.5 | 34 10.5
BEAR C. G. CUTTER WMEC 901 1 270 38 13.5
GARCIA FRIGATE FF 1040 *| 1 414 44 24
WEST WIND | ICE BREAKER WAGB 83 2 269 63.5 | 29
0.H. PERRY | FRIGATE FFG 7 *| 2 445 45 24.5
KNOX FRIGATE FF 1052 *} 1 {438 46,8 | 24.8
HACKINAW ICE BREAKER WAGB 83 1 290 74 19 .
SPRUANCE DESTROYER DD 963 *#] 2 563.2 | 55.1 ] 29 -
BELKNAP G. MISSLE CRUISER CG 26 1 547 54.8 | 28.8
GLACIER ICE BREAKER WAGB 2 309.6 | 74 29 .
v AUSTIN AMPHIB. TRANS. DOCK | LPD 4 6 |s570 100 | 23 .
MARS COMBAT STORES AFS 1 2 581 79 2% .
INO JIMA | AMPHIBIOUS ASSUALT | LPH 2 #*#%[11.20 | 602 84 26 .
KILAUEA AMMUNITION T-AE 26 2 564 81 28 .
WICHITA REPLENISHMENT OILER | AOR 1 2 659 96 33.3 e,
BLUE RIDGE | AMPHIBIOUS COMMAND | LCC 19 1 620 82 29 -
SACRAMENTO | FAST COMBAT SUPPORT | AOE 1 2 793 107 39.3
SAIPAN AMPHIBIOUS ASSUALT | LHA 2 19-26 | 820 106 26 .
-— AMPHIBIOUS ASSUALT | LHD 1 19-26 {840 { 106 | 26 .
) 1 % L 1 L
- ] L) 1] L B i
v L 4] " 10 20 30 40 S
* OTHER SHIPS CONTAINED IN REF. 4 DATA BASE '
*k SHIP MCDELED IN THIS SIMULATION (ft) | (fe) (ft) TONS x 1000
. *%%  THIS SHIF IS ALSO MODELED AT N.\.S.A. AMES '
Figure 5: U, S. Non-Aviation Ships
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arm and the vertical component is extracted and added to the heave
motion to obtain the heave motion at the landing pad. Reference 9
reporés that this method gives ship motian accuracies to within S%
of a model containing 30 superimposed sine waves per axis.

This ship motion program uses the Bretschneider wave spectrunm,

transformed based on ship velocity and heading relative to the

waves. The ship motion spectrum is then obtained by combining the

wave spectrum with the ship response functions and phase
differences, ¢ii’ and the six amplitudes, Ay, and frequencies, Wane
are extracted, The appendix contains more information on how this

is accomplished., A component of the ship motion is then represented

by
6
i(t) = nf1Anqos(went - ¢ii + En) (5)

The phase differences are directly available from the ship motion
data base information contained in Reference 8. E, is a random
phase angle which is obtained from a random number generator with an
output scaled to give valued between 0 an 6.242 radians. Figure 6

shows a graphical definition of the axis system used in the

simulation.

4., Turbulence Model

The turbulence model (Reference 9) consists of white noise,

shaped by the following filters:
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Ap = A + TC Ay : (6)
where AR is turbulence induced accelerations on the aircraft in : a
g's. The bandwidth, W,, was obtained from Reference 9. Values of
the variance, O, were obtained from a strip-chart recording of the b g

_ turbulence induced vertical acceleration for the AV-8A during a

fixed-based simulation. The term containing the simulation time 3

increment, TC, is a correction to the power spéctrum to allow for ' :35 i
Y digitization. The quantity, n, is a random number from a Guasian -

distributed sequence with zero mean and unity variance. : R

D. - RESULTS FOR NON-PILOTED SIMULATION

Touchdown velocities obtained from the non-piloted simulation

incorporating the f£light path command logic devised prior to the

L3

T
e

piloted simulation are shown in Figure 7. This figure sﬁows the

et e e P e A e
el T

average over many runs during which damping constants, and various
parameters in the flight path command logic, as well as pilot gain,
were being manipulated to roughly determine the range of values that

could be expected for touchdown velocities. These runs were also

e e s i s e

moni tored as>they were occurring to determine {subjectively) which
values provided reéalistic piloting responses. As such, the results !

) should be interpreted as a rough indication of the trends.
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THRUST-TO-WEIGKT RATIO, T/W
r . Figure 7: Non-Piloted Simulation Touchdown Velocity Results

Fig#re 7 shows that in.sea state 6 conditions, the orginal
flight path command logic suggested the very surprising ré;ult that
the landing taék could be accomplighed without ever exceeding a
touchdown velﬁcity of 12 ft/sec, for T/W valuesquyn to 1,01 and
with eﬁgiﬁe lags as high as 0.7 sec. Moreover, tﬁe mean value of
touchdown velocity was 6n1y mildly deéendent on T/W and eéengine lag,
ranging between 5,5 ft/sec and 6.5 ft/sec. Flight pimes from the
initial altitude of Zb ft above the mean deck height were again only
mildly dependent on T/W and engine lag, ranging from 20 to 30 sec.

The unexpected nature of the preliminary non-piloted simulation
results strongly. indicated the need for experimental verification.

This experiment wasg performed on a fixed-base simulator at N.A.S.A.

R
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Ames Research Center using an existing model of the AV-8A. It was

recognized from the outset that an important requirement of this
experiment was the need to supply the pilot with exactly the same
informatioﬁ assumed in the construction of the command logic'in the
non-piloted simulation. Fortunately, an existing he&d-up display
format termed SUPAR HUD (Reference 10) was available and was
modified by removing all augmented information and adding the basic
situation informationiof mean deck position, and thé 2 sigma and 3

sigma deck positions relative to the mean.
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IIT. SIMULATION EXPERIMENT

A description of the test matrix, aircraft and ship models, -
simulation cab, and results obtained for the piloted simulation are

presented in the following sections,

A. TEST MATRIX

Based on the information gained from the non-piloted
simulation, the test matrix shown in Figure 8 wa§ set up. Sea
state, thrust-to-weight ratio, vertical velocity damping through
thrust, pilot, and HUD format were the variables. The task was then
simulated using the fixed-base simulation facilties as further

descibed below.

B. AIRCRAFT MODEL

1. Basic Aircraft

The AV-~-8A model used in the piloted simulation is described in
Reference 6. It is a real time digital computer program developed
to simulate the take-off and landing of V/STOL aircraft aboard
ship. The unmodified aircraft model includes nonlinear
aerodynanics, engine and reaction control systems, stability

augmentation and actuator dynamics, and a landing gear model.
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HUD HUD1 - HUD3 HUD3
8 FORMAT VEL. COM. SYS. VEL. COM. SYS. ATT. COM. SYS,
o ENGINE 0.3 0.7 0.3 0.7 0.3 0.7
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Figure 8: Test Matrix for the Piloted Simulation
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2. Modifications to the Simulation Model

oﬁly the turbulence portion of the airwake simulatibn was
used. In order to create a.simulation environment as close as
possible to that assumed in the non-piloted simulation, the mean
wind and its variation with height above deck were not used. 1In
addition, the ground effects inherent in the AV-8A were deleted from
the simulation to match the non-piloted simulation, and to wore
effectivély isolate the parameters being studied.

A block diagram of the vertical velocity damping through thrust
is presented in Figure 9, along with a definition of the variables

used.

8T « | ATIRCRAFT TRANSFER h
+ 4 FUNCTION
h
| GRDOT x A/C CAIN

CHDOT - POWER LEVER ANCLE (deg)/(ft/sec)
A/C CAIN - 0.45 (ft/sec?)/POWER LEVER ANGLE (deg)

Figure 9: Block Diagram of Vertical velocity Damping
through Thrust as Implemented in the Simulations
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3. Control Augmentation System

In running the simulation, the throttle quadrant was used with
a fixed range of travel throughout the test matrix. As a result,
the throttle sensitivity (vertical acceleration per degree of
throttle) varied with thrust-to-weight ratio. A plot of commanded d
per degree of throttle travel may be found in Figure 10.

Two control systems were used for the fixed-based simulation.
For the portion of the simulation in which only the vertical axis
was being flown, a translational velocity command system was used.
With this system the stick controls velocity in the longitudinal and
lateral directions. When the pilot leaves the‘stick centered, the
aircraft maintains position (zero velocity). The pilot only had to
control the throttle to perform the task.

The second control system was an attitude command system. It
was used to provide a positioning éidetask for the pilot. Using
this system, the pilot flew the vertical task using throttle and had
to actively maintain position-over the ship deck by commanding

attitude through the stick.
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Figure 10: Throttle Control Sensitivity

N
! The transfer functions for the control Systems are as follows:
Translational velocity command: system:
1.25 . 1.25
Ve = S + 1.25 vy " s ¥+ 1.25
Vx v
cmd ft/s ycmd , ft/s
v--‘.—_- 7 ——in v = 7 ln (7)
stick stick .
Attitude command system:
¢ 4 o 4
¢ T2 . J -
cnd (s + 35 + 4) cmd (57 + 35 + 4)
¢ ]
; 2 119/in 2 . 119/in - (8)
lat stick long stick
More information on the contro) Systems being used in fixed-based
simulations may be found in Reference 11,
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4. Head-Up Display

Two HUD displays were used in the piloted simulation. These
are referred to as HUD1, and HUD3, and ate‘shown in Figure 11. HUD3
was used most extensively in the testing, HUD3 contains the ship
position reference lines ana aircraft hover height and “"abort chase"
altitude lines., HUD1 contains only the symbol indicating current
ship deck position. HUD1 was used to determine how much (if any)
advantage there was to displaying the extra information on ship -
motion 56undaries. It should be noted that the HUD3 format
collapses into the HUD1 format for calm seas (sea state Q).

The head-up display superimposes vertical and horizontal
situation information. The trident symbol is fixed in the center of
the display énd shows the aircraft's vertical position as the
distance of the three ‘pads' of the trident from the top of the ship
deck reference symbol., 1In addition, the trident provides horizontal
situation indications to the pilot when actively flying the sidetask
with the attitude command control system. When the sidetask is
flown, a dagger is added. to the display to indicate the undisturbed
position of the deck bull's-eye. The distance between the trident
and the dagger shows the error in lateral and longitudinal
positioﬁ. The HUD format also contains symbols showing a horizon
line, pitch bars, pitch reference, and side slip. The lines added

for the experiment show the 3 sigma, 2 sigma, abort chase height,

and mean deck positions.
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- - Jupy
~ )
o PITCH REFERENCE SYMBOL
- - J\ AND SIDE SLIP BALL
[ —~—rpr1CH LADDER
r . v _/f\_ S HORIZON/DIRECTIONAL
\ RIBBON
.- /.. [T~ AIRCRAFT POSITION AND
OREINTATION REFERENCE
SYMBOL
[ S~<SHIP DECK REFERENCE
S SYMBOL
- - HUD3
6 POSITION OF DECK BULLS EYE
- . /USED FOR POSITIONING SIDE-
= TASK WITH ATTITUDE COMMAND
SYSTEM
y' 3 o DECK MOTION BOUNDARIES
v — ————— | /
Y 2 o HOVER HEIGHT REFERENCE
= ABORT Qi 3
—— o ASE REFERENCE LINE
T——MEAN DECK POSITION
Figure 11: Head-up Display Format and Synbology
Definitions .
e -
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The equations dgscribing the transfer.function for moving the
dagger relative to the trident are described in appendix B. To
assist the pilot in performing the station keeping task the dagger
motion is augmented with input of aircraft true velocity, the
estimated acceleration, and stick position. The HUD symbology was
dfiven by a Digital Corperation PDP—iVEs computer at an update frame

time of 110 msec.

C. SHIP MODEL

Ship dynamics are modeled as six degree of freedom sinusodial
motion. The ship is assumed to have a fixed mean position about
which it oscillates, Wind over the deck is composed of a steady .
induced wind equal to the ship speed plus a sep;tate North or East

component of natural wind which can be specified., At presenﬁ a

turbulence model developea for the DD963 class destroyer is used

(Reference 8), This subfé&ﬁine calculates the free air turbulence
as well as ship wake turbulence. The latter varies with position
relative to the landing pad.

Table 2 gives an indication of the

environmental conditions for the simulation.

D. SIMULATION FACILITIES

1. Simulator

The fixed-base chair (Ch. 06), is used primarily to develop

; controls and head-up displays for use in VTOL aircraft and
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Table 2: Simulation Environmental Conditions for the DD963 Class Destroyer
CONDITION SEA Vs us Ww wod - V" Vwo‘l “8 TO
spper | STATE (kats) (deg) (deg) (deg) (kats) (knts) (m) (se2)
1 6 25 120 -60 -30 25.00 43,30 5.49 15,13
7 4 25 105 =75 -30 17.68 34.15 2.10 10,60
14 0 10 - ~-68.6 =30 8.07 15.00 0 -
w o o a [ o g a g o
w ¢ 8 v xcg ycg zcg ) ylp z7.p
(deg) (deg) (deg) (m) (m) (m) (m) (m) (m)
1 3.13 1.05 0.45 0.24 0.71 1.51 0.45 0.63 1.67
7 111 0.34 0.17 0.05 0.27 0.60 0.12 0.18 0.65
14 0 4] 0 0 0 0 0 0 1]
as a: o o o ae ae ae ae
¢ 8 v xcg ycg zcg Lp yip z!.p
(deg/sec) [(deg/sec) |(deg/scc) (m/sec) {m/sec) (m/sec) (m/sec) (n/sec) (m/sec)
1 2.00 0.90 0.36 0.15 0.41 1.10 0.32 0.46 1.31
7 0.88 0.32 0.18 0.04 0.21 0.53 0.10 0.20 0.59
14 0 0 0 0 0 0 0 0 0
B T e ” Expd PP R0 T P
. 2 . . RS \ .
. - 5 |
= . R ARt
h T N

»

YERWPNG TSI




s s

i

bt

-

Lem, wd

s N h T
[ PO

O cans e

Oﬂ-«-:“.]

e

i

e

1

e

TS . SRR R ;
: - : ’ / JALR N R o Y . . 4
R . 4 7 / i ' . ) . ) oy e
PR L A // : ! ' Voo AT
[l Y i MR R L ST G VAN M S A A

helicopters (Figure 12). Configured as a single-seat cockpit, it is
equipped with a conventional stick aﬁd rudder pedals with adjustable
trim. The chair is provided with a virtual image TV display, oﬁ a
single forward locking window. The outside scene is provided by a
camera~terrain board system. A head-up display can be superimposed
on the outside scene to provide flight information to the pilot.

The cockpit also co;tains a unique throttle/nozzle control‘quadrant
used for V/STOL simulation. Aircraft dynamics are provided by a
Xerox Sigma 9 digital computer. The aircraft dynamics are updated

at a frame time of 55 msec for the AV-8A model.

2. Pilots

Two piloté were used for the simulation. Both pildts were used
in the sea state 6 portion of the test matrix. Pilot B filled in
the remaining tested portions of the test matrix.

Pilot A is a research engineer at NASA Ames Research>Center.

He has been flying both the fixed and moving base simulators for 15

years. Most of this time has been spent using the AV~8A and YAV-8B

simulation models. He was also heavily involved in simulations of
advanced lift-fan transport (ALFT) aircraft and the Navy research
and technology aircraft (RTA).

Pilot B is also a research engineer at NASA Ames Research
Center. He has been flying both the fixed and moving base
simulators for over 4 yearg. Most of his simulation tiﬁé has éiso
been with the AV-8A and yav-8B models. He also has some helicopte;

simulation time.
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Inside View of the Cab

Outside View of the Cab
The Chair 6 Fixed-Base Simulator
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The pilots were asked for comments and a pilot rating following

each serles of the five runs that made up a data point. The pilot
rating is based on the Cooper-Harper rating scale (Figure 13). More

information on the Cooper-Harper scale may be found in Reference 12,

E. OPERATIONAL TASK

The task to be flown wad the same as described in the noﬁ-
piloted simulation. The aircraft was positioned at an initial
altitude of 45 ft above the mean deck position, in a stabilized
hover, directly over the bull's-eye on the ship deck landing pad.
The pilot, through use of throttle, was then to,éontrol altitude and
ve;tical velocity in descending to an initial hover altitude. The
intial hover altitude was the 2 sigma value of the ship deck
position, above the ship deck position mean, as designated by a line
on the HUD (HUD3). The pilot was then to land at his descretion,
aided by the ship deck motion information presented on the HUD.

There were two variations of the task. 1In the first, ghe HUD
was reconfigured so that the ship deck motion boundaries and
position reference lines were not displayed (HUD1). Tﬁe pilot was
then to-cémplete the task with only the deck position symbol as a
reference. 1In the second variation, the control system was changed
from the translational velocity command system to an attitude
command system. This was done to provide the pilot with the
sidetask of actively using the stick to maintain the aircraft
positién ovef the deck bull's-eye while performing the vertical

taske.
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é ADEQUACY FOR SELECTED TASK OR AIRCRAFT DEMANDS ON THE PILOT IN SELECTED
REQUIRED OPERATION® CHARACTERISTICS TASK OR REQUIRED OPERATION*
Excellent Pilot compensation not a factor for
Highly desirable - desired performance

A Good

N Negligible deficiencies

Pilot compensation not a factor for
desired performance

Fair—Some mildly
unpleasant deficiencies

Minimal pilot compensation required for
desired performance

Minor but annoying
deficiencies

Desired performance requires moderate
pilot compensation

.satis!acllosr:: without Dii':::nct'es A Mosje.rale_ly, objectionable Adeguate perlfarmance requi(es
improvement? improvement \ deficiencies considerable pilot compensation
| Very objectionable but Adequate performance requires extensive
tolerable deficiencies pilot compensation
v -
Adequate performance not attainable with
Major deficiencies maximum tolerable pilot compensation.
Is adequate Deficiencies Controllability not in question,

performance
attainable with a
tolerable pilot
veorkload?

require

improvement

% .. .
4 Major deficiencies

Considerable pilot compensation is required
for control

Major deficiencies

Intense pilot compensation is required to
retzin control

No _{tmprovement

-
{ mandatory

—.< Major deficiencies

Control will be lost during some portion of
required operation

it controllable?

3

e —

Pilot decisions ]

Cooper-Harper  Ref, NASA TND-5153

*Detinition of required operation involves designation of flight phase and/or
subphases with accompanying conditions.

Figure 13: Handling-Qualities Rating Scale
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F. RESULTS FOR THE PILOTED SIMULATION

1, Task Performance and Pllot Ratings

A record of the test matrix and runs completed may be found in
Appendix B.

As might be expected from the random nature of the ship motion,
the time. to complete the task was the most variable paramétér. The
average time over each series of 5 runs as a function ¢f sea state,

HUD, and T/W (Figure 14) lies in a band from 19 to 36 seconds.

50.0 . T
TEST
CONDITION
O {550 HUD3 V.C.
Ofss4 HUD3 v.C.
O ss6 wuD3 v.C. | 40.0¢ .
Q556 RUDL V.C.
Olsss HUD3 A.C.
d © &
30.0f © & o -
O (0]
MEAN 5%
FLICHT o
o] [aY
TIME a8
(sec) 20.0p ' O] 3
10.0 L L
1.00 1.05 1.10

THRUST-TO-WEIGHT RATIO, T/W

Figure 14: Mean Flight Times for the Piloted Simulation

Individual times varied from a low of 7.2 seconds for a particular
sea state 4, HUD3 run, to a high of 79.0 seconds for a sea state 6,
HUD1 run. It should be noted that the addition of the sidetask does

not appear to change the amount of time the pilot takes to complete

the task.
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The.non—piloted gsimulation showed that the mean time and
standard deviation for flight time did not approach a steady value
until after approximately 40 runs, indicating th such a large
variation exits for the piloted simﬁlation groups of 5'£§ns each.

Average touchdown velocity as a function of T/W for HUD1, sea

gtate 6 conditions are presented in Figure 15 for two values of

.

engine response. The following points should be noted: 1) In:
general there is a l28s than expected change in touchdown Qelécity'
with change in T/W ratio (less than 4.0 ft/sec for the T/W gatio
range tested), 2) Thé faster engine time response (0.3 secs)

~ produce touchdown velocities of 0.5 to 1.5 ft/sec less than the
slower responding engine (0.7 secs) and 3) The greater vertical
velocity damping the lower the touchdown velocity (as muéh #s 4
ft/sec).

Pilot ratings as a function of T/W for HUD1, sea state 6 i
conditions are presented in Figure 16 for two values of engine ' i_ ?
response. The following items should be noted: 1) The pilot
rating is higher (worse) as T/W ratio goes down over the range

tested, 2) Pilot rating is higher (worse) as engine lag is

R Za

increased and as vertical velocity damping is decreased (as much as

2.5 points difference) 3) With the HUD1 system and low vertical
damping there aie ratings in the Inadequate range even for T/W
ratios of 1.1.

Avérage touchdown Yelgcity and pilot ratings as a function of

the control system and HUD format are presented in Figure 17,

39




7/ N

, g
. ol
20.0r - y : : E
z, T . _ g
sec™! . HUDL : e
O} 6.0 MAX Sea Stzte 6 ; W4
al -0.2 l Velocity Comd. Sys. H %
MEAN ok _ | N
ol -0.4 15.0 A
MIN [ ! [% .
Teng = 0.3 sec 2 '&;
10.0}- - : A i hE
TOUCH-DOWN U { ity
VELOCITY, h, 7! ; »
: f
(ft/sec) s.ofF i !
- 1
g :
0.0 -~ - 4 -
1.0 1.05 1.10
TYRUST-TO-WELGHT RATIO, T/W
Z 20.0 I . —
W
. sec™} HUD1
Oj§ 0.0 T MAX Sea State 6
vl -0.2 wean | 150 VelocAity Comd. Sys.
O} -0.4 ) : 7
MIN
Teng = 0.7 , sec
10.0} -
TOUCH-DOWN | .
VELOCITY, h,
(ft/sec)
5.0 . ~
0.0 g = 1 ’ .
1.0 1.05 1.10
THRUST-TO-WEICHT RATIO, T/W
Figure 15: Influence of Thrust-to-Weight Ratio, Engine and
Airframe Dynamics on Touchdown Sink Rate--
Baseline HUD with Velocity Command Control System
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As showﬁ; the touchdown velocity and pilot ratings are both improvedl
with the additional information of the HUD3 format. There is as
much as a 2.5 ft/sec improvement in average touchdown velocity in
going from HUD1 to HUD3. It should also be noted éhat'HUD3 produced
an Adequate pilot rating throughout the range of T/W ratio tested

for the stated engine response and vertical damping (Figure 17).

The addition of the siaetask did not seem to influence the result in
any systematic manner.

Average ﬁouchdown velocity as a function of T/W for HUD3, sea
state 6 conditions are presented in Figure 18. Again note that
there is little change in average touchdown velocity over the T/W
ratio rénge tested (less than 3 ft/sec for the worse case). Average
touchdown velocities are 0.5 to 3 ft/sec better with the HUD3 format
than for the HUD1 format (Figures 15 and 18). The engine time
constant and vertical velocity time constant have a much smaller and
less consistent effect on average touchdown rate for the HUD3 format
(Figures 15 and 18).

Pilot rating as a function of T/W for HUD3, sea state.sv
conditions are presented in Figure 19. The most interesting thing
to note here is that the average ratings are Adequate for all
conditions tested throughout the T/W ratio range tested. The pilot
ratings also. show more clearly that the faster responding engine and
qreatervvertical velocity damping are important to the pilot as
evidenced by the consistent effect they have on pilot rating. Therev‘
is as much as one pilot rating improvement, attributable to either a

fast responding engine or good damping.
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Figure 18: Influence of Thrust-to-Weight Ratio, Engine and
Airframe Dynamics on Touchdown Sink Rate--
Augmented HUD with Velocity Command Control System
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Figure 20 provides somé pecrspective on the effeét of sea state
on average touchdown velocity and pilot rating, for a selected,
condition using the HUD3 format. Nate the relatively small change
in touchdown velocity over the range of sea staté, the greatest
change occurring for T/W ratio of 1.01 (an increase of 5.0 ft/sec
from calm sea to seé state 6). The pilot ;;tings show Satisfactory
ratings for sea state 0 and 4 and Adequate ratings at sea state 6
for all T/W ratios for»the selected condition.

The miss'distancé when performing the sidetask associated with
the attitude command system is presented in Figure 21 for various
values of T/W. The miss distaﬁce is the horizontal distance from
the aircraft center of gravity to the center of the bull's-eye on
the ship deck at fﬁe time of landing. It is interesting to note
that the average miss distance changes less than a foot with the
fast responding engine while changing 5.5 feet for the slow
fesponding engine over the T/W ratio range tested. In both cases:
the miss distance decréases with decreasing T/W ratio. Possible
reascns for this result would include; too much control sensitivity
at higher T/W, or a chénge in piloting technique; i.e., the pilot
may be spending a different percentage of time,_of changing the |
frequency with which he samples the information at the different T/W
ratios.

A better understanding of thé.relative performance of HUD1 and
HUD3 can be gained from Figure 22, which shows a histogram of the
landing performance for HUD1 and HUD3 with a hisﬁogram of the ship

deck motion for sea state 6 conditions.
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Figure 20: Comparison of Touchdown Sink Rate and Pilot Rating
as Influenced by Sea State for a Selected Test
Condition--Augmented HUD with Velocity Commanad
Control System ’ :
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Figure 21:

THRUST-TO-WEIGHT RATIO, T/W

Influence of Thrust-to-Weight Ratio on the

Positioning Side Task--Augmented HUD with

Attitude Command System

HISTOGRAMS
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—- Landings
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PERCENT
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_Figure 22:

20.0

10.0
TOUCH-DOWN VELOCITY AND SHIP DECK VELOCITY (ft/sec)

" pistribution of Touchdown Sink Rate and Ship

Deck Velocity--Baseline and Augriented HUD
Breakdown for all Landings Completed for ‘the

Simulation
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The velocity histogram for HUD1 peaks at 8.5 ft/sec, which is
just above the 1 sigma value for the ship motion velocity for sea
state 6._ The touchdown velocity for HUD3 peaks at 6.5 ft/sec or 2 *°
ft/sec less than HUD1, The histogram also shows ti\e HUD3 data té
have a smaller étandard deviation.

Table 3 _indicates ﬂxe precentage and number of landings over 12
ft/sec which occurred overall and for several sets of test

conditions.

Table 3: Touchdown Velocity Statistics Indicating Number
of Landings with Sink Rates Greater Than 12 ft/s
for Selected ‘Test Conditions.

NUMBER OF %
NIMBER OF LANDINGS LANDINGS
CONDITION b
m_ - LANDINGS > 12 ft/sec | > 12 fr/sec

Total Sinmulation 995 28 2.81
5.5.0, 5.5.4 Overall 260 0 0.0
S.S.6 Qverall 735 | 28 3.81
S.5.6, HUDL Vel. Cad. Sys. 212 18 8.49
S.S.6, HUD) Vel. Cnd. Sys. 419 7 1.67
$.5.6, HUD3 Atd. Cad. Sys. 104 3 2.89
5.5.6, HUD3 V.C. ¢ =0.3 216 : 1 0.46
$.5.6, HUD3 A.C. T =0.3 60 1 1.67

A series of T/W ratio histagrams are presented in Figures 23 through
27, Most of these curves show a fairly sharp spiked peak. 1In

observing the simulation and through pilot comments, it is concluded
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that this shape of curve can be attributed to the piloté technique_

of setting up an initial descent rate and holding it either until

near the ship deck for the HUD1 system, or until the 3 sigma line on

the HUD3 system was approached, and then slowing or arresting the

descent. The initial descent-phase, which takes 90 to 95% of the

total time produces the predominant peak in the histogram.

The histograms for HUD1, sea state 6 conditions are presented

in Fiqure 23.

50.0

40.0

30.0
PERCERT

TIME
20.0

10.0

Figure 2.

11 -J i ¥ Ll i L ¥

HUD1 T/W
Cea State 6 ﬁ o1 T;x
Velocity Cud. Sys 01.05 -
= -0.4 sec™ 61.01
= 0.3 sec ~

0.98 1.04 1.10
THRUST-TO-VZIGHT RATIO, T/W

Influence of Thrust-to-Weight Ratio on
Thrust-to-Weight Ratio Use Histogramg--
Baseline HUD with Velocity Command Control
System -

The peak occurs at the T/W ratio used most often in the initiail

- descent. The peak is somewhat broader for T/Wmax of 1.1 probably
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indicating that the pilot is operating with lower éains. The base
of the peak is fairly narrow and corresponds to the‘observed

rilot behavior, with the HUD1 format, of chasing the deck less,
possibly due to lack of positionalhcues. Landingg, using the HUD1
format generally occurred as the deck caught the aircraft. The area
under the curves tends to bunch up at the high end'of the available
T/W as T/Wmax is decreased. This is due to the pilot tending to fly
‘more conservatively {lower descgnt velocities).

The histograms for HUD3, sea state 6 conditons are shown in

Figure 24.
50.0 T T T 1 T T T |
RUD3 . 'x'/wmx
40.0 Sea State 6 01.10 -
Velocity Comd. Sys. a| 01.05
Z = -0.4 gec™ [N 01.01
= 0.3 sec ! ‘q o
eng i
AR 30.0 I \
PERCENT " i
OF AW
TIME

20.0

10.0¢

THRUST-TO-WEIGHT RATIO, T/W

Figure 24: Influence of Thrust-to-Weight Ratio on
: Thrust-to-Weight Ratio Use Histograms--
Augmented HUD with Velocity Command Control
System
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‘ Notice that the curves broaden somewhat in comparison to those
for the HUDt‘format. Because of the positional information
avallable to the pilot with theFHUD3 format, pilot gains are
somewhat lower, and the gilot_has more opportuniﬁy to chase or run
from the ship deck. This tends to broaden the peak and base of the
curves. The area under the curve for T/Wmax = 1.01 is much more
bunched up at the high end, than for the HUD1 case. This is due to;
the pilot's tendency to flyrmore conservatively (lower descent
velocities, higher thrust settings), since the HUD3 format makes him
more aware of the limitations of the available control power.

Thé effects of vertical velocity and engine time lag for HUD3,
sea state 6 conditions are presented in Figure 25.

With zero vertical damping, the pilot had a much more difficult
time controlling vertical velocity, and this is compounded with a
slow responding engine. The curve becomes much less peaked and is
spread out over a larger range of available T/W. Thie is in
contrast to the curve for higher damping and faster responding
engine where the pilot is able to control vertical velocity with
much less throttle movement (i.e., the throttle becomes a vertical
velocity command control).

The effects of HUD format and type of control system on T/W
histograms is presented in Figure 26. An interesting thing to note
here is that the peak for the attitude command system occurs at‘a
higher T/W ratio than for the velocity command system using either

HUD. Also the curves for the attitude command system tend to be
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Figure 25: Influence of Engine and Airframe Dynamics,
’ and Thrust-to-Weight Ratio on Thrust-to-Weight

a
! Use~-Augmented HUD with Velocity Command Control
System
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. Figure 26: Influence of HUD Format and Control System on
: Thrust-to-Weight Use for a Selected Test Condition
TN ’
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much more symmetrical about the peak. The explaination for this is
that the pilot was observed to gpend at least as much time on the |
positioning sidetask as with the vertical task. As a resulﬁ, he
tended to fly more conservatively (at a higher thrust, slo&er
descent rate) and the effots in desired vertical position/velocity
are therefore more likely to occur randomly rather-than oﬁi} on é
conservative side as when flying only a vertical task.

The effect of sea state on T/W histograms for a selected

condition is presented in Figure 27.

As expected, at the low sea states the pilot spends more time
in the initial descent and less. time correcting for deck position,

As a result, lower sea states produce a histogram with a sharper

peak and with a '=smaller base.

50.0 T '\ T T T. T i L 1
HUD3 Sea State
- | Velocity Comd. Sys. a 4
40.0 b T/U - 1.1 O 6 1
max

i
2 = -0.4 sec~! 1
Y = 0.3 sec !

eng !
30.0 'l
PERCENT H
oF ’:
TIMNE ]
20.0 [
10.0
0.0 : £ 3
0.90 : 0.98 1.04 1.10
THRUST-TO-WZICHT RATIO, T/W,
Figure 27: Influence of Sea State on Thrust-to-Weight Ratio Use--

Augmented HUD with Velocity Command System
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2. Pilot Comments

" The pilots were given an explanation of the task and
discription of the HUD symbology. From this they developed some
individual techniques. Pilot A, especially for the higher values of
T/W with fast responding engine, often waited for the deck symbol to
crest just below the‘z sigma line, and then smoothly rolled off the
throttle providing a quick descent in which the aircraft would catch
the deck on its downward motion with a usually low value of relative
descent rate. Pilot B used this technique also although, not as
often,

Both pilots became more adept at picking out "lulls" in the
ship motion as the simulation progressed. It was often possible to
tell that the deck was in a lull coﬁdition when its motion was slow
and position was a couple of feet above the mean line. The pilots
would make a quick descent and attempt to catch the Qeck before the
more extreme motions reoccurred.

The pilots also understood that if they chased the deck below
the mean line (or were unable to arrest a descent until below'the
mean line), then in most cases it was better to continue and attempt
to catch the deck near its lowest position (and therefore low
velocity) than attempt to climb back to the 2 sigma line. When the
attempt to pull up was made, espeéially with low T/W, the deck
tended to catch the aircraft near the meanAdeck position, often with

a high velocity, and therefore, high relative velocity.
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The most general comment expressed about technique was, "always
be in a position to gradually take off power, and don't get caught
needing it."

Pilot comments indicated the following:

1) The greater the T/W, the more controllablé and easier it is

to perform the task (through the range tested).

2) The higher the value of T/W, the less sensitive the pilot
workload is to engine lag and vertical damping.

3) The higher values of damping provided better control of
vertical velocity, which in turn aided the initial descent to the 2
sigma line. The lower values of damping provide quicker vertical
response and therefore greater agility during the final phase of
descent.

4) The slow responding engine'was considered unfavorable, even
though a few cases occurred when the engine compensated for an
overcontrol by the pilo£.

5) Both pilots commented on the importance of engine noise as
‘a cue.,

6) HUD3 was perferred over HUD1. The pilots commented
favorably on having the ship motion boundaries and 2 sigma lines as
references in giving precise situation information.

7) Comnments concerning HUD1 generally focused on the feeling
of not knowing either the position or vertical velocity of the

aircraft relative to the mean deck position,




~,
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8) When using HUD1, the effects of damping and engine lag were
less evident, since errors were not as easily detected due to the
lack of references. One of the pilots commented that the task

workload was less using HUDV because of the lack of references, but

gave it a higher (worse) pilot rating because of the greater

uncertainty involved.
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IV. REVISED ANALYTICAL PREDICTIONS

After the piloted simulation was run, the non-piloted
simulation was modified in an attempt to match the measured T/W
histograms, as well as to better represent the observed piloting
technique.

A. MODIFIED ANALYTICAL MODEL

The following médifications were made to the program:

1) A feed back loop was added to provide vertical velocity
damping through thrust, and the coefficient for vertical velocity
damping through airframe was reduced to more closely match the
fixed-based simulation model.

2) The flight path command logic was rewritten to provide a
better match to the observed landing strateqy adopted by the
pilots. Details of the logic are given in the next section.

3) Two additional noise sources were added to account for. .
pilot perception error and internal pilot noise,

4) The pure time lag, used to represent the pilot's

information processing time intervai, was divided into a pure lag

and a secondary time in which the input to the pilot's neuromuscular

dynamics was held constant for a specified time. The purpose hersa
was to simulate the pilots concentration on a sidetask. A block

diagram of the modified model set-up is shown in Figure 28.

58




— e e e — = m— oy — — e e— e— — — — e

PILOT MODEL l I AIRCRAFT VERTICAL AXIS MODEL

PILOT e
ravit PLANT
DYNAMICS | | & - Y Tee AIRFRAME
4T I -
FLICHT | S Kp (TLs+ 1) | | 7% LA 1 g
PATH e 15 P 1 P - " P h
LOGIC + (TC s + 1) l 0’ + ElICs +1 s -Zws S

69

s K__ GHDOT
[+

B

|

l

l

Ak o % J

- = L — - — — o - E
:

SHIP TURBULENCE
MATION HMODEL
HODLL
SEA STATE CONDITIONS SEA STATE CONDITIONS

Figure 28: "Block Diagram for the Modified Non-Piloted Simulation Model




The modified version of the flight path command logic comsists

of 6 basic sections. The first section determines which of five

defined regions of relative position and velocity that the aircraft
is currently in. This section then specifies whiéh of the remaining
5 sactions is to be used to supplf the commanded flight path
information to the pilot transfer function. These secgions are
refetrea to according to their basic strategy: RUN FAST, RUN,
CHASE, ABORT TO HOVER HEIGHT, and CHOP THROTTLE. The RUN FAST
sequence is initiated whenever the relative veloéity of the aircraft

and ship exceeds a given value, typically 5.5 ft/sec. The RUN FAST

logic commands an altitude of 12 ft above the present altitude using

a cosine smoothing function. This command causes the simulated
pilot to apply full throttle. If the relative position is less than
9 tt and the relative velocity exceeds 4.5 ft/sec the RUN sequence
is initiated. The RUN logiclcommands an altitude of 6 ft above the
present altitude Ehrouqh a cosine smoothing function, causing the
simulated pilot to apply approximately 95% of full throttle. If the
aircraft was' in the RUN FAST sequence. and then switches to the RUN
sequence, the commandea altitude is lowered 6 ft from the previously
commanded altitude, thus causing the throttle to be reduced from
full to approximatély 90%. If the relative position of the aircraft
and ship deck is less than 3 ft and the relative velocity hasn't
exceeded 4.5 ft/sec then the CHASE sequence is initiated. The
CHASE logic commands a cosine function descent, modulated by the

ship deck motion, starting at the previously commanded altitude and
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ending at the ship deck. If.the aircraft position descends below a
designated abort height, the ABORT TO HOVER HEIGHT sequence is
initiated. The abort height is the height above the ship deck mean
position which, if a descent is continued, will not provide enough
time to gain the necessary height to prevent a hard landing in the
event the next segment of the motion is around the 3 sigma value.
This height, of course, varies with sea state. Up to sea state 4
the abort height is zero because thevrelative velocity can be
maintained below the gear limits anywhere in the ship motion
boundaries. The hover heigh; is the 2 sigma height above the ship
deck mean. The ABORT TO HOVER HEIGHT logic commands the hover
height altitude through a cosine smoothing function from the
altitude in the previous sequence. The hover height altitude is
then maintained until condiﬁions require use of another logic
section. The CHOP THROTTLE sequence is designed to mimick a normal
pilot landing technique. It is initiated when the relative aircraft
to ship position is less than the Chop Throttle Now Height (CTNH),
which is another adjustable variable. Unlike the other sequences,
which can be abandoned for a more apporpriate onévat any time during
the sequence, cnce the CHOP THROTTLE sequence is initiated it
continues until a landing occurs or a specified time haéielasped

The CHOP THROTTLE logic commands a 12 ft descent in altitude through
a cosine smoothing function. This command effectively produces near
zero thrust output, The sequence maintains this reduced altitude

for a specified period of time., If during this time period a
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landing has not occurred, the sequence commands an ascent back to
the hover altitude. This logic models the pilot bghavicr after he
sees a landing opportunity; i.e., the aircraft is 0.5 ft off the
deck but with the deck beginning to descend.

The modified analytical wodel produced a much more accurate
representation of observed piloting technique. For example, it was
observed in the piloted simulation that with the slow responding
engine, more landings were made running from the ship than chaﬁing
it, whereas with the fast responding engine, appréx}mately the same

number of landings were made chasing- the ship as running from it. A

! series of computer runs were made which duplicated this resylt
(Table 4).
Table 4: Influence of Thrust-to-Weight Ratio and Engine and Air-
frame Dynamics on Flight Path Command Logic Sequence Use
TEST CONDITION PERCENT OF LANDLHGS
T/V Teng zZ, Flight Path Logic Section
-1 1 2 6 7

sec sec
1.0 0.7 0.4 52.5 10.0 | 35.0 2.5
1.05 0.7 ‘0.4 55.0 10.0 { 15.0 20.0 .
1.03 0.7 0.4 55.0 5.0 27.5 12.5 f

i

1.01 0.7 0.4 50.0 15.0 { 30.0 5.0 .

Average 63.1 36.9
1.01 0.3 0.4 42.5 10.0 ) 27.5 20.0 .
1.07 0.3 0.4 42.5 5.0 ] 32.5 20.0 :
1.05 0.3 0.4 40.0 12.5} 30.0 17.5
1.03 0.3 0.4 45.0 2.5} 45.0 7.5

Average 50.0 ’ 50.0

Flight Path Logic Sections:
1 - Pun Fast Sequence
2 - Run Sequence
TN . 6 - First section of the Chop Throttle Sequence

7 - Second section of the Chop Throttle Sequence
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The original flight path command logic did not provideva chop
throttle sequence, and the landing nearly always éqcurred while in
the RUN FROM sequence. A schematic di;gram of tﬁe modified flight
path command logic .is shown in fiqure 29. An.example time history
showing some of the flight path command logic agpects is shown in
Figure 30. 1In addition,ltwo representive time histories are

presented in Figqures 31 and 32,

B, COMPARISON OF ANALYTICAL AND SIMULATION RESULTS

A comparison of touchdown velocities for the non-piloted
simulation and the piloted simulation are shown in Figure 33. The
non-piloted simulation results, using either the originai or
modified flight path command lagic, produced lower touchdown
velocities than were achieved in tﬁe piloted simulation. The
modified logic generally produced the lowest touchdown velocities.
Further adjustment of the parameters in the non-piloted simulation
to produce a closer match to the piloted simulation results could
provide further inéight’into the pilot's capabilities.

The results for the modified version of the flight path commaﬁd
logic when compared to the piioted simulation data show a good
correspondance in average flight time for the léwer T/W ratios, but

a large gap is evident for T/W = 1.1 as shown in Figure 34.
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Figure 34: Comparison of the Influence of Thrust-to-Weight Ratio
on Flight Time--Augmented HUD with Velocity and
Attitude Command Systems of Piloted Simulation and
the Original and Modified Flight Path Command logic
of Non-Piloted Simulation
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A comparison of average touchdown velocities for a selected

condition is shown in Figure 35,

20.0 T
., v g
SXA'ULAT.ON con HUD3
o] )ﬂODIFIED 0.3 Sea State 6
O [roN-PILOT 0.7 Velocity Comd. Sys.
>} 0.3 15.0 -
o PILOTED 0.7
Z,=-0.4 sec-t

10
TOUCH-DOWN

VELOCITY, f’*w o n
(ft/sec) 0 8 ° n o
5.0 |- © a_
3- a3 8
€]
0.0 L L
1.0 1.05 1.10

THRUST-TO-WEIGHT RATIO, T/W

Figure 35: Comparison of the Influence of Thrust-to-Weight Ratlo
and Engine Dynamics on Touchdown Sink Rate--
Augmented HUD with Velocity Command System and Modified
Flight pPath Command System.

As can be seen the trends are roughly correct for either
command logic. However, there is still a fairly large bias that is
unaccounted fcr., It should be noted that the data shown for the
non-piloted simulation is a composite of data in which the pilot
gains, aircraft vertical velocity damping, and variables mentione@
in the T/W histogram section were being manipulated in an attempt to
find optima (touchdown velocity and flight time) for each T/W
ratio. Most of these runs were made shortly after the piloted
simulations began, but before the data from.the piloted simulation

were analy-ed. A more precise comparison requires another series of
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non-piloted simulations to be run with variables similiar to those
us~d in the piloted simulations.
Initially, there was only interest in obtaining an indication

from the non-piloted simulation as to whether or not the lower

thrust-to-weight values were practical for landing in high sea
states. In the early stagas thz program was used to provide
estimates of touchdown velocity means and standard deviation and the

time required to land. As the work progressed it became clear that

the fixed-base simulation output data used to construct thrust—to—

weight ratio histograms, could then be used as another matching

variable in determining the accuracy of the non-piloted simulation.

There are 17 variables whose values determine in some way the

shape of the histogram. These are:
1. The initial starting altitude.
2. The letdown time. ; 5
3. The hover heighé altitude. : ‘
, i
4. The abort height altitude. é
5. The chop throttle height. i
o

6-8. Pilot gains,

9. The pilot pure lag time.

10. The pilot sidetask time.

11. The ratio of 9, and 10.

12. The pilot preception error noise amplitude,
13. The pilot preception error noise freguency.
14. The pilot internal noise amplitude.
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15.

16.

17.

The pilot internal noise frequenty.
Pilot lead time. time constant.

Pilot lag time constant.

Some of these non-piloted simulation variables are easily fixed.

Initial height, hover height, and abort heights are ‘all displayed

for the pilot and so are the same in both piloted and non-piloted

simulations. Pilot internal noise amplitude was based on having

each pilot,-and any other observers present, guess the velocity at

which the

monitors.

deviation

ohservers

pilot touched down as viewed on the head-up display
The error was then determined and the noise standard
was set at 1.5 ft/sec after averaging over the number of’

approximately 180 landings., The rest of the variables

were set by making an initial quess and then making 5 runs and

looking to determine how the variable had changed the histogram.

This process was repeated by either changing the variable again, or

going to the next one. In this way a good match to the histogram

was made for one of the cases (Figure 36). It should be noted that

there may

histogram

be as much. as- 20-30% change in any one point on the

for a giVen set of 5 runs (as can be seen in Figure 37).

This is because 5 runs are not enough to get a good statistical

représentation, thus aggravating the difficulty of trying to cbtain

~a good match. The non-piloted simulation showed that approximately

40 runs (depen&ing on the T/W ratio being used) is needed to p.ovide

adequate statistics. when histograms representing only 5§ runs are

constructed based on .10 unknown variables, there is some difficulty

in producing a good match. Another problem occurs when trying to
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Figure 37: vVariation of Thrust-to-Weight Ratio Use Histograms
Due to a Statistically Small Number of Runs Used
I Per Data Point

match the touchdown velocity and flight time averages for the same
cases; It was found that once the major influence-of variable
changes on the histogram shape. was obtained, it was fairly easy to
get a rough match of histograms. The T/W ratio for which the
histogram peaks can be obtained throﬁgh selection of the initial
letdown velocity of the aircraft. The base can be broadened by
selecting higher values for the pilot gains. The sharpness of the
fillets between the base and peak were found to chanée somewhat‘with
the selection of pilot gains and the values used for frequency and
magnitude in the pilot internal and preception noise models. The
shape of the base; i.e., the number and size of the peaks appeared to

:

be mainly dependant on the ratio of three pilot gains used. It is
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also fairly easy to get a reasonable match of touchdown velocities
and flight times. It is not easy to get all three of these results
to give a reasonable match simultaneously. This may be due to
something inhereht’in either the piloting techniéue or aircraft
model being flown on the fixed-base simulation that is not being
modeled accurately in the non-piloted simulation, or that the right
combination of values for the variables has not been found., The
latter should be explored further using parameter identification
techniques. It would ultimately be hoped that all three could be
matched for a couple of cases and then the values of the variables
be determined analytically to- produce matching values for other
cases. This pilot model woﬁld then be a good tool for predicting

the landing performance of any VTOL aircraft onto any type of ship.
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V. CONCLUSIONS,

The problem of determining the vertical axis control
requirements for landing a VIOL aircraft on a moving ship deck in
various sea states is examined. Both a fixed-base piloted
simulation and a non-piloted batch simulation were used to determine
the landing performance as influenced by thrust-to-weight ratio,
vértical damping, and engine lags.

The piloted simulation was run using a fixed~base simulator at
N.A.S.A. Ames Research Centér. Sinplified versions of an existing
AV-8A Harrier model and an existing head-up display format were
used. The ship model used wés that of a DD963 élass destroyer. Two
pilots were used to obtain data and to give pilot ratings based on
the Cooper-Harper pilot rating scale.

A surprising result of this simulation was that, with a good-

station keeping control system and with statistical ‘ship motion

displayed on the head-up display, pilots could consistently perform

safe landings in sea state 6, with handling qualities that were
adequate at thrust—to—weigﬁt ratios greater than 1.03 and even
marginally adequate down to thrust-to-weight ratios of 1.01. These
results should hold quite éenerally provided that a thrust«to;weight
ratio of 1 + A is interpreted as meaning that the pilot always has
the capability of accelerating the aircraft at Ag uanrd even in the
presence of ground effect and hotrgas reingestion.

Preliminary work with a non-piloted simulation showed that with

a good strategy and thé_right information, a.pilot should be able to
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land a VIOL type aircraft vertically aboard a DD963 class destroyer
under sea state 6 conditions, in an adequately controllable manner,

with thrust-to-weight ratios as low as 1.01, engine lags as high as

0.7 sec, and vertical velocity damping of 0.2 secs, without

exceeding a 12 ft/sec landing gear limit. This non-piloted
simulation showed an overall average touchdown velocity of 5.8
ft/sec and an average flight time of 32.5 seconds. Results were

then obtained from a piloted fixed-base simulation in order to

_verify the non-piloted results. Similiar results were. obtained,

with an average touchdown velocity of 6.7 ft/sec and flight time
average of 33 seconds. In addition, the pilot ratings indicate

satisfactory (level 1) handling qualities for sea state 6 conditons

and thrust-to-weight ratios as low as 1.03 and adequate (level 2)

handling qualities for thrust-to-weight ratios as low as 1.01,.
Piiot ratings showed the expected results of being more
favorable as T/W ratio increased, up to the maximum tested of 1.1,
and with increasing vertical velocity damping, up to the maximum of
_o,q”sec'1 tested, and with the faster responding engine, engine lag
o£.5;3 secs. The pilots also demonstrated lower touchdown
velocities when presented with the ship motion boundaries, and
aircraft hovér and abort chase height lines on the head-up display,
then when presented only with the ship deck position symbol. The
simulation also showed that the pilot was capable of obtaining
similiar results when flying either the translational velocity

command system or attitude command system. Pilot ratings indicate
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ihat the translational velocity command sysﬁem was perferred -
howe&er.

.Based on the current ncn-piloted simulation, it is believed
thét an extension can be made to determine piloted results for other
T/W ratios, engine lags, vertical vélocity‘damping, and ship
classeg, under various sea state conditions. This is based on- the

_assumption that, using parameter indentification techniques, touch-
down velocities, flight times, and T/W use histograms can be made to>
match thé‘current piloted simulation data.

Although the simulation indiéates that aircraft can be landed
vertically at much lower T/W ratios than previously suspected, even
with the positioning sidetask, it remains to be seen how well low
thrugt-to~weight ratios will work when a full range of sidetasks
inherent in flying actual aircraft are employed. Ih addition, more
work should be done to determine the effects onvminimum T/W-ratio of
non-~linear elements which were not examined in this simulation. The
effects of suckdown, fountains, hot gas ingestion, and height
dependant mean winds can all é&énificantly effect minimum T/W.

As a practical point regarding the simulation, additional
research would have to be conducted to ascertain how well
instrumentation aboard ship can determine the mean ship position and
the motion boundaries, how long in advance of the aircraft arrival
the motion would have to be mogitored'to provide accurate results,
and how well the aircraft/ship systems can‘determine real time deck

position.
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The computeér program for the non-piloted simulation was
discussed in general in the main body of the report. Some more
detailed information regarding certain aspects- of the program are

described below.

A. APROXIMATE iNVERSE LAPLACE TRANSFORM METHOD.

The numerical iteration method used for solving the
'differential'equatiohs used in the computer program is the
Approximate Inverse Lapléce (A.I.L.) method (Reference 13). It is

assumed that the equations for the transfer functions are in the

(—\' form:

n n-1
: + A + cee + A
N(s) Ans n-1° 0
X(s) = = (a1)
: D(s) m m-1
B s + B s + o0 + B_ .
m m-1 : ]

where m > n and B, is not equal to zero.

Then using the following recurrence formula:

1 m-1
c,. =—I[a . - I B.,C, | (A2)
-i+ . -m+ .
i Bm n-i+1 §=0 J1 J
where A =38 =0 for x < 0, and C_ = 0 for x < O.
x X X
X(s) can be rewritten as
n-m’ n-m-1 n-m-2
X(s) = C1s + czs + C3s + eee (a3)

The inverse transform of equation (A3} is

A2

e e ety P e = 0 e i

R N s T

P N TR

e




\..L" | ' %(t +4dt), =C_+C th + c. -q-t—{ + (A&)
b 1 1 2 32ttt
<"
e The derivatives can then be found from differentiation:
.
X(t + dt) =cC, + C.dt +¢c, S ., (AS)
2 3 4 2
;('(t+dt)="+cdt+cg—ti (A6)
~3 4 521 °°°
The A.I.L. method z2ilows the use of time varying coefficients :
in the transfer functior. The method is based on the assumption :
that a time interval, At, can be found during which all of the {
coefficients can be considered as constant. A set of points
calculated in one interval of time i3 then used as tne initial
N conditions for the next calculation, and the process is repeated.
More information on the A.I.L. method may be obtained from
Reference 13. -
i
B. A.I.L. IMPLEMENTATION !
he spacific equations ugsed for the non~piloted simulation were
derived as follows:
S1 aH KP(TL 8 + 1) Ht g/ELC z .,
= (TG s + 1) 3 ) >
—e s + (1/ELC + 2 )s + 2 /EIC s
w W
A ' B
. dH_ | XP(TL 8 + 1) HE
: A) 4 (TG 8 + 1) >
i :
i Can be expressed as
N
T : A3
. f’- e -
[ b Cj-’
t

N TS
L et L T T VORI oz

D O T TR e s Pt sy
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. dH 1 Y o KP TL(s _+ 1/TL) | HE

3 + 1/1G TG

Then

Y+ v = a
Usiné.Laplace transformation,
Yy=T
¥ = ar - yt0)

Therefore,

1 dH
sI' - Y(0) + P = o

- Y(0)s + au’

82 + 1/1G s

or r

Using’ the A.I.L. method:

A0 = 1
Al = ¥(0)

BO = 0.0
B1
.B2 = 1.0

3

And from the reversion forumula:

B

1
Ci = B2 [’\2_1 - Jfo Bjc(i-j)—2]

Cl1 = Al

C2 = A0 -Bt * C1

C2A = AQ

C3A = -B1 * C2Aa

A4

(A7)

(A8)

wWhere dH is considered
a constant for the time
interval under
consideration. (nA9)

(dH will be reintroduced .

at a later point)

(A10)

(A1)

C2B = ~Bt * C1

-B1 * C2B

"
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B)

Then

C4A = -B1 * C3A édB = -Bt * C3B
. .
. .

YA = C1 4 C2A * IT! 4+ C3A * IT2 + «ue

YB = C2B * IT! + C3B * IT2 + ees (a13)

YA = C2A + C3A * IT! + C4AA * IT2 + ...

-
o
[]

C2B + C3B * IT! + C4B * IT2 + ...

For- the next iteration

Oor

0) =7y
Y )n Yn-l
) =vy ., (n14) ,
:
KP ZL [(YA * @H + YB) + — (YA * AH + YB)] = Ht (A15)
TG TL
5.
B
H q/ELC z %
Eb3+(1m:+z)2+z ELC > ;
-] / oS w/ s
Q
' T g
z + (1/EL T b=z = A
(1/ELC + zw) + e e Ht (A16)
AS
\
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Substituting (A15) for Ht:

1 w e q TL . .
ev— —— PR — *
z + + zw)z T ELC{KP < {(ya * dH + YB)

1
* o (YA * dH + YB)]} | (a17)

But dH = S1—~—2z;

B
Therefore, (A17) can be rewitten as l
.oe o Zw R f g ’I’L A ) i
+ (1 ——z + == == — y
z+ (1/EIC + 3 )z + =c % * Ee {xp e I+ o (yar1l} =z

a_ TL ((3n # v L :
= i ’{I@ T [(YA * 51 + YB) + T (YA %St 4 YB))}. (a18)
t
A
or
"z°+(——L+z);+ZL£+n-A (A19)
ELC W ELC - .

Using Laplace transform:
z =z
z= sf - z(G;
2 .
z =987 - s5z(0) - z(0)

vor ..

z = s3c - 322(0) - s82(0) - z(0)

And therefore

3 2 04 1 2 .
7% - s7z(0) - sz(0) - z(0) + (EiE + Zw)[s - sz(0) - z(0)] +

A

+L[
FIC sg ~ z(0)} + B

[}

A
s

A6

(A21)



where B is considered a constant for the time
interval under consideration.

Or

3 1 . v 2
z{0)s + [EEE'+ zw)z(o) + 2(0)]1s
4 Z, 2

1 3 W
s + (ELC + zw)s + e o + Bs
¥4 .
1 .
f=— 2(0) + (——= + Z )z(0) + z(0)]s + A
+ —LC EIC W = (A22)
4

1 3 w 2
s + (ELC + zw)s * 5ic 8 + Bs

=

Using the A.I.L. method:

ARG = A

2z
W 1 .
ARl = e z(0) + (m‘ + ZW)Z(O) + Z(Q)

1 [
_AA2 = (EEE'+ zw)z(O) + z(0)

AA3 = z(0)
BO = 0.0
Bl = B
Zw
B2 = oE
B3 = (——+ 2 )
ELC W

B4 = 1.0 o (a23)

And from the recursion formula:

(A24)

Hotq'»

1
c, =— [a, ., = B.C \ ]
i 4 4~ 5 )=
B i j=0 3 (i-3)-4

A K7

a

5
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Cl = A3

C2 = A2 - B3 * C1

C3 =At - B2 *C1 - B3 * C2

C4 = A0 - B *Cl - B2 *(C2 -~ B3 * (3

C5 = -Bl * C2 - B2 *C3 - B3 * C4 (A25)

Then,
z=Cl +C2 * IT1 +C3 * IT2 + ...

C2+C3 * ITI +C4 * IT2 + ...

Ne
]

3

N
]

C3 +C4 * ITI + C5 * IT2 + ... (A26)

For the next iteration,

z(0), = 2z, _,

z(O)n = zn-1

2(0) =z (A27)
n n-1

A block-type diagram showing how the A.I.L. equations are
implemented in the- computer program for the pilot servo and atrcraft
transfer fﬁnctions is shown in Figure At.

A series of runs were made to determine the number of A.I.L.
coefficients and size of time step required to obtain accurate
results and a stable program. It was found that 6 terms and a time

step of 0.01 seconds provided good results.
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C. DEVELOPMENT OF THE SHIP HMOTION HODEL

To obtain the amplitudes for the individual sinusoidal
components, the following method was employed., Firs:, the two-

parameter Bretschneider wave spectrum is use§ to obtain the wave

gpectrum:

. q
2 -
483.5 gs. e 1944.5/(w To)

s, (w) = 7 5 (a28)
T w
o
This is transformed using the following relationship:
W v cos(yu )
W o= —— 3 (A29)

e g9
To obtain the effective frequency based on ship velocity and heading

relative to the waves. The ship motion spectrum can then be

obtained as follows.

' Sw
°ii(”e) = Sw(“é) EZZ'RAOi(“e) (A30)

A computer program, SHPREF.FOR, was developed to accept a table off
RAO values corresponding to a set of values, and then store the
information in a data file. This‘table is then read by the program,
and the above calculations are made. A numerical table and a plot
of ¢ ver;us w, is then output as the finished result; see Figures A2
and A3. The plot was thén sectioned by hand into six components and

the amplitudes for these six frequencies were determined by the

following relationship:

A10°
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- WE= 1.214444 PHI= 1,4484011E-02 SK(I)=  2.4491777
WE= 1.300352 PHI= 1.2603654E£-03 SW(I)= ~1.950421
WE = 1.388202 PHI~ 1.7391144¢£-04 SW(I)~ 1.563076
WE= 1.477683 PHI= 3.70440S2E-04 SW(I)~ 1.258616
KE= 1.569724 FHI= 2.8305821t-04 Sk(I)= 1.019108
WE= 1.663397 Phl= 1,3718315E-04 SW(I)= 0.8301120
WE = 1.759011 PHT= 5.8686554E-05 Sk(I)= 0+6803094
FHIMAYX s 7.771437 MUS-  2.054400 hS= 6.500000 T0=
b =4S E. b
v .
Figure A2: Example Output from SHPREF.FOR with Plot of

Ship Motion Specturm for the DD962 in lleave
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R (RD/C)
we=  0.2155281 PKI~ 0.0000000E+00 . SW(I)~ 0.0000000E+00 :
== 0.2742625 PHI= 1.0081215E-16 SW(I)= 1.4029235E-14
b+ 0.3348382 PHI= 4,7250222£-08 SW(I)= 4.1409426E-06
WE= 0.3975546 PHI= 2.2123220E-04 SW(IY= 1.2105345E-02
wE~ 0.4621124 PHI= 1.2612537£-02 Ski(I)~ 0.4341457
WE=  0.528610S PHI= 0.102575} SW(I)=  2.309751
WE~ 0.5970505 PHI= " 0,3154627 SW(Id)=  4,363209
kE=~ . 0.6674311 PHI= 0.5932505 SW(I)= 6.730645
WE- 0.7397528 PHI= 0.8416653 SW(I)=  7.144627
WE= 0.7766414 PHI= 0.9302165 SW(I)= 6.907761
KE= 0.8140153 PHI- 0.9839358 SW(I)~ 6.630870
WE= 0.8518746 PHI=  1.000000 SW(I)~ 6.196284
WE=  0.89021G0 PHI= 0.9649336 SW(I)= 5.711942
WE=~ 0.9250487 PHI= 0.8602818 Sk(I)=  5.212773
WE= 0.9683636 PHI= 0.6867916 SW(I)~ 4.722323
HE=  1.04844% PHI= 9.3589893 SW(I)=  3.820434
LE-  1.130476 PHI= 0.1623G48 SW(I)=  3.059384
WE=  1.214444 PHI~ 6.8711556E-02 Sk(I)=  2.4491777
KE=  1.300352 PHI= 2.5693722E-02 SH(I)=  1.950421
WE=  1.388202 PHI= 8.2251765E~03- SW(Iy=  1.563076
WE=  1.477993 PHI~ 1.2200162E-03 SW(I)= .258616
WE=  1.569724 PHI= 8.9353164E-05 SW(I)=  1.019108
LE~  1.663397 PHI= 7.8&5G1S7E-05 Sw(l)- 0.8301120
WE=- 1.759011 PHI~ - 7.7392666E-05 SW(I)= 0.68803094
PRIMAX= 0.5683722 nusS=  2.054400 HS=  6.900000 TO~
CDS63P.UAT . .
Figure A3: Example Output from SHPREF.FOR with Plot of

.0

SHIP MOTION SPECTRA

PHY (7 1me3n5LC)
oe

Ship Motion Spectrum for the DD962 in Pitch
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. 1/2 ’ :
A, = lzéii(we) Awe] | (a3t)

A component of the ship motion could then be calculated as:’

6
i{t) = T A cos(w t -9
. n e

E ) (A32)
n
n=1 n

it *

where Qii is diréctly available from the ship data base information
contained in Reference 8, E, is a random phase angle which is
calculated from a random number generator with the output scaled to
give values- between 0 and 6.242 radians.

In the computerQrun simulation the ship motion is calculated in

the GENeral Ship'Motioq, GENSM.FOR, subroutine. This subroutine

ugses the associated amplitudes and phase angles corresponding to a

particular sea state as stored in the data file, GENSM.DAT.

D. TURBULERCE MODEL

The turbulénce model for the computer-run simulation is located

in the subroutine TURB3.FOR. It consists of a randem number

generator and the following principle equations:

/2

A =w A +o (20)n (1/1c'’/?)

- . ' A33
AR AR + @c AR ( )

The bandwidth, w.

L wWas obtained from page 10, Figure 15, of

Reference 9. The sigma values were obtained from a strip-chart

recording of the acceleration of the vertical axis for the AV8-B

A13
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during a fixed-base simulation, as presented in Figure A4. The
(1/TC ** 0.5) term isva correction for the effects of using digital
computation. The random number input is represented by n. Becuase
this is a filter acting to shape white-noise, it is necessary to
precycle it initially before inputing values into the simulation,

This is also accomplished as part of the subroutine.

E. HOVER HEIGHT INPUT

The sabroutine IN4.FOR provides the values for the flight path %
command logic hover height. The sequence starts at an initial |
altitude and follows a shallow cosine path to a selected hover
altitude as a function of time. The hover altitude is then
mainﬁained as a constant for the remaindef of the run. It is also
possible to configure the s;broutine to change to a second hover
height during the run, although this function was not used other

than for initial testing of pilot lead and lag time constants.

Variables which can be adjusted before running a simulation are, the

e

initial altitude, AMPA + AMPB, the hover altitude, AMPA, and the i
rate of descent, through the frequency term of the cosine function,

WNS.

F. DATA PLOTTING

The subroutine MPLT2.FOR provides the instruction to the system

library and DISSPLA software to produce a plot of the desired data

A4
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Figure A4: Strip Chart Recording of Vertical Acceleration Q =2
Due to Turbulence as Obtained from the AV-8A g ,35:
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&t the end of program execution. Currently, plots of the T/W ratio
used ag a percentage of time, and statistical variations as a
function of the number of runs made are output (for exa&ples see
Eigures AS-A7). A plot of the aircraft flightpath and ship deck
position time histéty can also be set up with small changes in
program configuration (for examples see Figures 31 and 32). A
tabular listing of the runs made for each_test confiquration is also
output, an example is given in Fiqure A8.

The following table is' a listing of variable names and their'
approprizte values which must be adited into the indicated prograns
when a change in sea state is made,

Table Al: Valued for Variable Which Must Be Edited
into Program with Change in Sea State

VARIABLES WHICH ARE FUNCTION OF SEA STATE
Subroutine Variable Sea State
Nape [} L3 S 6
TRANO.FOR wN 2.70 6.15 7.79 7.79
SICMA 0.001 0.007 0.01 0.01
N4 . FOR ATA 0.0 5.0 7.0 9.0
AEB 40.0 35.0 33.0 1.0
VPALC ABRTHT 0.0 1.5 3.0 6.0
CENSM.DAT
(Version No. - - L 35 ;6
VASCON.DAT Supplies the input data for the test conditions
and 1s also changed as apporpriate.

Al6
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T/W RATIO STATISTICS

- :
o
L]
c
8]
z -
[
5 i
oo
- O
)
Q
o4
8]
o.
SR
d1 A
.e O16—616—3 106106100160 VCO%VVCCO-OL-%GO-—C%GG—G
2(0.F2 0.84 0.85 0.88 0.50 0.92 0.94 0.956 0.58 1.00 1.02 1.04 1.06 1.08 1.10 1.12 1.14 1.16 1.18 1.20
T/W RATIO

Example Plot of Thrust-to-Weight Ratio Use as Output from the Non-Piloted Simulation

Figure A5:
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STATISTICAL TRENDS IN V.A.S. SIMULATIONS
[ =4
b
8<
~ - - -
B O FLIGHT TIMZ MEAN
. g © FLIGHT TIME VARIENCE
v O TOUCH-DOWN VELOCITY MEAN
O TOUCH-DOWN VELOCITY VARIENCE
(o]
e
0
5
—
=z
&
=9
=
c MM ‘
W PR
&
o
o‘ =
0.0 25.0 50.0 -
NUMBER OF RUNS
Pigure AGQ Example Plot Showing the variation in vVarlance and Means for Flight Time and Touchdown

Velocity as Influenced py the Xumber of Runs Made in the Non-Piloted Simulation
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STATISTICAL TRENDS IN V.A.S. SIMULATIONS
<
Uirp e s o T
I QO  SHIP DECK POSITION VARIEKCE
! O  SHIP DECK VELOCITY VARIENCE
SHIP DECK POSITION MEAN
@  SHIP DECK VELOCITY MEAN
[ .
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a
.:’: a o (\ .
© 4
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rigure A7:
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Example Plot Showing the Variation in Variance and Means for Ship Motion as Influenced|

(=}

]

50.0

75.0° 100.0 125.0 150.0 175.0
NUMBER OF RUNS

by the Number of Runs Made, Where Number of Runs is Seconds in This Cage
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ORIGNAL FiTZ IS
DE PCOR QUALITY

{ LF MC.: H

ifL=  0.1500000 ELC= 9.7000000 Th= 1.010000 Il= 1.1000000
SER S.= € KF= 7.0000002E-0Z

VuN A A

RLN I.T. F.T. TOVEL  .FIVRD  TEREAN  THMAX  ThitIM

1 26€3.7 - 21.2 5.7 7.5 0.S66  1.018  0.€77
2 121.4  29.1 11,4 1.6 .0.88€  1.01C  0.950
3 20066 24.2 .5 .1 0n.cc1 1.010  0.550
4 384.2  23.4 3.8 €.C 0.635  1.010  0.S50
S 2524.3  1¢.7 §.8 . -10.3 0.567  1.010  0.¢50
€ 774.4  17.6 €.5 .4 0.557 - 1.010  0.577
7 2825.2  27.0 3.2 g.€ G.¢ee  1.010  0.550
& 262.6  22.2 5.3 c.g 0.G3€  1.010  0.€50 i
9 272¢.3 .5 6.7 6.7 0.€85  1.010  0.€50 ;
16 24Si.5  22.8 €.S 5.7 0.565  1.910 0,650 i
11 2404.7  11.0 5.  10.7 0.987  1.010  0.577 s
12 S45.4  24.9 8.7 6.3 0.967  1.010  9.850 i
13 1816.2  1¢.4 0.4 13.1 0.98%  1.010  0.650
14 €72.8  22.3 3.4 6.5 0.0  1.910  0.550
15 3490.0  24.5 .2 c.g 0.9286  1.010  0.950
16 ¢62.4  16.9 3.2 8.6 0.667 . 1.010  0.577
7 3467.7  18.2 4.2 6.5 0.638°  1.010  0.S77
3 543, 1 18.9  10.5  11.8 0.686  1.010  0.§50
19 3075.1  24.G 4.6 5.3 0.591 1.010  0.577
20 3225.8  20.7 10.2 0.2 0.565  1.0i0 - 0.550
21 2802.3  21.1 8.2 8.7 0.954  1.010  0.€59
22 1S31.2  12.0 3.1 9.5 0.6G4 1.010  0.550
23 1S01.3 . 27.4 11.0  11.0 0.688  1.010  0.950
24 1974.7  24.2 4.3 1.7 0.c¢1 1.010  0.950
25  2514.5 2.6 3.5 6.3 0.89  1.010  0.977 i
2 2255.3 2.8 6.3 .0 0.256  1.010  0.577 P
2 3116.8  19.G 5.5 7.6 0.588  1.010  0.977 |
26 1216.4  30.6 2.3 5.0 0.952  1.010  0.956 !
25 1288.2  15.1 0.6 7.4 0.G668  1.010  0.950 :
30 2666.2  17.4 9.6  10.6 0.557  1.010  0.977 {
31 2993.6  24.4 3.7 1.3 0.686  1.010  0.950 {
2 1157.0  23.2 3.3 5.0 0.985  1.010  0.€77 ;
33 165.6  12.4 3.5 5.5 0.567  1.010  0.677 ‘
33 2190.3 §.3 .6 14.6°  0.950  1.010  0.578 ; o
| 35 "se6.7 2002 5.0 98  0.e84 - 1.010  0.950 | P
| 3€  3417.2 2.2 2.3 g.9 0.952 = 1010  0.950 . N
37 2%84.7  i7.2 5.2 8.5 0.668  1.010  0.S50. ‘
38 615.9  16.1 6.5 .0 0.98€  1.010  0.677 :
39 521.1  25.8 2.6 12.1 0.950  1.016  0.550
;40 21249  33.2  10.3  10.3 0.951 1.010  0.550
P41 1051.6  20.5 3.1 5.5 0.665  1.010  0.550
) 165.8  12.2 2.8 9.5 0.957  1.010  0.577
€1 33145 33,4 10.3  11.5 0.981  1.010  0.650
4  2679.8  24.7 0.7 10.4 0.689  1.010  0.550
45  2616.7  27.7 8.6 8.6 0.987  1.010  0.950
i 46 23022 25,9 1.4 10.6 0.989  1.010  0.5S0
{47 2356.3  21.2 7.7 1.3 0.684  1.010  0.950
L' - A -——
Figure A8: Example OCutput of Run Conditions and Results
for the Non-Piloted Simulation
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Figure A8, continued:

487" 1083.0 1€.0 3.4 2.6 0.ce6 1.010 0.877
45 1784.8 27.4 4.2 6.t 0.951 1.010 0.€50
50 2:204.6 227 1.1 10.4 0.558 1.010 0

AT ET YT Y LY

t  MEANCSEC):  21.55800 FT SIG(SEC):  5.464322
FTMAX:  33.40000 FTMIN:  §.300000

TCVEL MEANCFT/S):  5.526001 TOVEL SIG(FT/S):  3.060933 ’
TOVELMAX: 11.40000 TOVELRIN:  0.4000000

MTCUT MEAN: 0.6878200 °  MTQUT SIG: 2.3633221E-03 -
NTCUTMAX: 0.5940000-  MTCOUTMIN: 0.S840000

TIME:11:11:54 DATE: 4-JAN-85

AOBRBRENBBBAS VAN A BERAGARBIGBUARABARNBRANOGTN

FORTRAN STO"

for the Non-Piloted Simulation
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G. LISTING OF NON-PILOTED SIMULATION COMPUTER
VARIABLE DEFINITIONS AND PROGRAM LISTINGS.
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LIST OF VARIABLES FOR VPA1C.FOR PROGRAM

NAME

DESRIPTICN -

AO

a1l

ABRTHT

B1

B2

BA1

BAIB -

BA2

BA3

CONSTANT FOR THE ZEROTH ORDER NUMERATOR TERM OF THE PILOT
TRANSFER FUNCTION. ’

CONSTANT FOR THE FIRST ORDER NUMERATOR TERM OF THE PILOT
TRANSFER FUNCTION.

CONSTANT FOR THE 2EROTH ORDER RUMERATOR TERM OF THE AIR-
CRAFT TRANSFER FUNCTION.

MAGNITUDE OF THE PILOT OUTPUT SIGNAL ATTRIBUTED TO THE
NUMERATOR OF THE PILOT TRANSFER FUNCTION,.

CONSTANT FOR THE FIRST ORDER NUMERATOR TERM OF THE AIR-
CRAFT TRANSFER FUNCTION.

CONSTANT FOR THE SECOND ORDER NUMERATOR TERM OF THE AIR-
CRAFT TRANSFER FUNCTICN.

CONSTANT FOR THE THIRD ORDER NUMERATOR TERM OF THE AIR~
CRAFT TRANSFER FUNCTION.

ALTITUDE ABOVE THE DECK MOTION MEAN AT WHICH THE PILOT
IS TO ABORT 'CHASING' THE SHIP DECK AND RETURN TO THE
ASSIGNED HOVER ALTITUDE.

CONSTANT FOR THE FIRST ORDER DENOMINATOR TERM OF THE
PILOT TRANSFER FUNCTION.

CONSTANT FOR THE SECOND ORDER DENOMINATOR TERM OF THE
PILOT TRANSFER FUNCTION. SET = 0,0 IN CURRENT PROGRAM
BECAUSE NOT IN CURRENT USE.

CONSTANT FOR THE FIRST ORDER DENOMINATOR TERM OF THE
AIRCRAFT TRANSFER FUNCTION.

MAGNITUDE OF THE PILOT OUTPUT SIGNAL ATTRIBUTED TO THE
DENOMINATOR TERM OF THE PILOT TRANSFER FUNCTION.

CONSTANT FOR THE SECOND GRDER DENOMINATOR TERM OF THE
AIRCRAFT TRANSFER FUNCTION.

CONSTANT FOR THE THIRD ORDER DENOMINATOR TERM OF THE

. AIRCRAFT TRANSFER FUNCTION.
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BEG

BUF
BUFF

ct

cia

c2

C2A

czasB

C3n

C3B

CAA

C4B

PR

\,:\

R

INSTRUCTION TO PLOT3.FOR SUBROUTINE INDICATING
BEGINNING POINT OF THE GRAPH X-AXIS.

DIMENSIONAL DUMMY VARIABLE USED IN THE TIME SUBROUTINE.
DIMENSIONAL DUMMY VARIABLE USED IN THE DATE SUBROUTINE.

FIRST RECURSION CONSTANT USED IN A.I.L. CALCULATION OF
PILOT MODEL OUTPUT.

FIRST RECURSION CONSTANT USED IN A.I.L. CALCULATION OF
AIRCRAET MODEL. OUTPUT.

REMNANT, FROM EARLIER PROGRAM, NOT USED 14 THIS VERSION.

SECOND RECURSION CONSTANT USED IN A.I.L. CALCULATION.
SAME VARIABLE NAME IS USED FOR BOTH PILOT AND A/C MODELS.

SECOND RECURSION CONSTANT USED IN A.i.L. CALCULATION OF
PILOT MODEL OUTPUT USED AS INITIAL COMNDITION INPUT TO
PILOT MODEL.

THILRD RECURSION CONSTANT USED IN A.I.L. CALCULATION.
SAME VARIABLE NAME IS USED FOR BOTH PILOT AND A/C MODELS.

THIRD RECURSION CONSTANT USED IN A.I.L. CALCULATION OF
PILOT MODEL OUTPUT USED AS INITIAL CONBITION INPUT TO
PILOT MODEL.

FOURTH RECURSION CONSTANT USED IN A.I.L. CALCULATION.
SAME VARIABLE NAME IS USED FOR BOTH PILOT AND A/C MODELS.

FOURTH RECURSION CONSTANT USED IN A.I.L. CALCULATION OF
PILOT MODEL OUTPUT USED AS INITIAL CONDITION INPUT TO
PILOT MODEL.

C5A,C5B,C6A,C6B,C7A,C7B,C8A,C8B ARE SIMIALAR TO THE ABOVE.

CKPB

CTNH

D1

D2

D3

REMNANT FROM EARLIER PROGRAM. NOT USED IN THIS VERSION.

'CHOP THROTTLE NOW HEIGHT'; HEIGHT ABOVE THE DECK AT
WHICH THE PILOT IS TO QUICKLY REDUCE THRUST FOR LANDING. -

REMNANT FROM EARLIER PROGRAM. NOT USED IN THIS VERSION.
REMNANT FROM EARLIER PROGRAM, NOT USED IN THIS VERSION.

AN OFTEN.USED COMBINATION OF OTHER VARIABLES.

A24
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DAMP
LH

DHD
DHDD
DHDTR

DHTR

ELC

EN
ERR

ERROR

FLAG2

FLT

FLT1

FPLS

FPLS1

GAP

GAPP

GD

GHDOT

MAGNITUDE OF VERTICAL VELOCITY DAMPING THROUGH. THRUST
TERM.

PILOT PRECIEVED ERROR IN HEIGHT (COMMANDED HEIGHT -
ACTUAL HEIGHT + NOISE).

PILOT PRECIEVED ERROR IN VERTICAL VELOCITY.
PILOT PRECIEVED ERROR IN VERTICAL ACCELERATION.. .
TRUE ERROR IN VERTICAL ytLQQITY. o
TRUE ERROR IN HEIGHT.

ENGINE LAG TIME CONSTANT.

RANDOM PHASE ANGLE GENERATED AND USED IN THE GENSM.FOR
SUBROUTINE.

ERROR TERM (RANDOM NOISE WITH MAGNITUDE FROM -~0.5 TO
0.5).

ERROR TERM (RANDOM NOISE WITH MAGNITUDE FROM O TO 1).

REMNANT FROM EARLIER PROGRAM. NOT USED IN THIS VERSION.

FLIGHT TIME (INITIAL TIME MINUS TIME AT TOUCHDOWN).

PREVIOUS FLIGHT TIME VALUE, HELD FOR USE IN STATISTIC
CALCULATIONS.

'FLIGHT PATH LOGIC SLOT'; INTEGER USED TO SHOW SECTION OF

FLIGHT PATH COMMAND LOGIC IN USE WHEN MONITERING
SIMULATION.

VARIABLE USED IN FINAL PRINTOUT TO INDICATE IF THE FLIGHT
PATH COMMAND LOGIC HAD CYCLED THROUGH THE 'CHOP THROTTLE'

SEQUENCE AT LEAST ONCE.

VARIABLE WHICH DETERMINES THE AMPLITUDE FOR A COSINE
SMOOTHING FUNCTION IN THE FLIGHT PATH COMMAND LOGIC.

VARIABLE WHICH DETERMINES THE AMPLITUDE FOR A COSINE

" SMOOTHING FUNCTION IN THE FLIGHT PATH COMMAND LOGIC.

DUMMY VARIABLE USED TO TRANSFER THE VALUE OF GHDOT
BETWEEN VASCON.FOR AND VA1C.FOR.

GAIN USED IN CALUCULATING THE VERTICAL VELOCITY DAMP-
ING THROUGH THRUST VALUE.

A25
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GPP

HLIM

HTA

HTB

HTPO

HTPOA

HTPOB

I

IDO

IFLAG10

IFLAG11

IFLAG12

IFLAG13

VARIABLE WHICH DETERMINES THE AMPLITUDE FOR A COSINE
SMOOTHING FUNCTION IN THE FLIGHT PATH COMMAND LOGIC.

VARIABLE' WHICH CAN BE USED TO SET A LIMIT ON THE LOWER
BOUNDS OF COMMANDED THRUST.

THE NUMERATOR PORTION OF THE PILOT MODEL OUTPUT USED AS
THE INPUT CONSTANT FOR THE ZEROTH TERM IN THE NUMERATOR
OF THE AIRCRAFT TRANSFER FUNCTIQN AFTER ADDITION OF
NOISE AND LIMITS.

THE DENOMINATOR PORTION OF THE PILOT MODEL OUTPUT USED

AS THE INPUT CONSTANT FOR THE ZEROTH TERM IN THE DENOM~
INATOR OF THE AIRCRAFT TRANSFER FUNCTION AFTER ADDITON OF
NOISE AND LIMITS.

MAGNITUDE OF THE PILOT MODEL OQUTPUT BEFORE THE ADDITION
OF NOISE OR LIMITS.

FIRST PORTION OF EQUATION USED TO CALCULATE HTPO.
SECOND POETION OF EQUATION USED TO CALCULATE .HTPO.
DUMMY VARIABLE BOé DO STATEMENT.

DUMMY VARIABLE FOR DO STATEMENT.

LOGIC SWITCH USED TO CONTINUE 'CHOPPED THROTTLE'

SEQUENCE IN THE FLIGHT PATH COMMAND LOGIC AFTER ITS
INITIALIZATION.

LOGIC SWITCH TURNED ON IN THE 'RUN FAST' SEQUENCE OF THE

FLIGHT PATH COMMAND LOGIC AND USED TO DETERMINE THE
INITIAL AMPLITUDE FOR THE COSINE SMOOTHING FUNCTION IN
THE 'RUN' SEQUENCE OF THE FLIGHT PATH COMMAND LOGIC.

LOGIC SWITCH TURNED ON IN THE 'RUN' SEQUENCE OF THE
FLIGHT PATH LOGIC AFTER INITIALIZATION OF TIME CONSTANT
FOR THE COSINE SMOOTHING FUNCTION, TO PREVENT REINITIAL-
IZATION ON CONSECUTIVE PASSES.

LOGIC SWIICH TURKED ON IN -THE 'ABORT TO

HIOVER ALTITUDE' SEQUENCE OF THE

FLIGHT PATH LOGIC AFTER INITIALIZATION OF TIME CONSTANT
FOR THE COSINE SMOOTHING FUNCTION, TO PREVENT REINITIAL-
IZATION ON CONSRCUTIVE PASSES.
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IFLAG3 LOGIC SWITCH TURNED ON IN THE 'ABORT TO HOVER ALTITUDE'

IFLAGS

IFLAGT

IFLAG8

IFLAGY

IRT

ISEAS

IT

IT

SEQUENCE OF THE FLIGHT PATH COMMAND LOGIC AFTER INITIALI-
ZATION OF A TIME CONSTANT FOR THE COSINE SMOOTHING FUNC-
TION TO PREVENT REINITIALIZATION ON CONSECUTIVE PASSES.

DATA OUTPUT SWITCH, IF IFLAGS5=1 THEN THE STATISTICAL
INFORMATION IS CALCULATED AND OUTPUT.

LOGIC SWITCH TURNED ON IN THE 'CHOP THROTTLE SEQUENCE'
OF THE FLIGHT PATH COMMAND LOGIC AND USED IN THE °'CHASE'
SEQUENCE OF THE FLIGHT PATH COMMAND LOGIC TO DETERMINE
THE ' INITIAL,K AMPLITUDE FOR THE COSINE SMOOTHING FUNCTION.

LOGIC SWITCH TURNED ON IN THE IN4.FOR SUBROUTINE AFTER
INITIAL COMMANDED LETDOWN FLIGHTPATH RERCHES THE CONSTANT
HOVER ALTITUDE VALUE, PREVENTS REINITIALIZATION OF LETDOWH
SEQUENCE DURING A RUN.

LOGIC' SWITCH TURNED ON IN THE 'CHOP THROTTLE' SEQUENCE
OF THE FLIGHT PATH COMMAND LOGIC, WHICH CAN BE USED TO

- CHANGE THE THRUST LOWER LIMITS FROM THE NOMINAL VALUE

USED FOR THE REST OF FLIGHT PATH COMMAND SEQUENCES.

DUMMY VARIABLE USED. IN DO LOOP.

INTEGER VALUE OF SEA STATE BEING SIMULATED. IT IS

PASSED TO VARIOUS SUBROUTINES AS A SIMULATION PARAMETER
AND FOR PARAMETER PRINTOUT FOR THE SIMULATION ON DATA
OUTPUT.

DUMMY VARIABLE USED IN VARIABLE DIMENSION STATEMENTS,

TIME INCREMENT USED' IN THE A.X.L. CALCULATIONS

IT2 THROUGH IT8 ARE TIME INCREMENTS USED IN THE A.I.L. CALC~-

ULATIONS. IT2=IT1**2/2!, IT3=IT1**3/3!, ETC.

IT9 THROUGH IT12 ARE REMNANTS FROM EARLIER PROGRAMING. NOT USED

ITOT

JAY

IN THIS VERSION.

TOTAL NUMBER OF ENTRIES USED IN DETERMING A HISTOGRAM OF
STATISTICAL DATA.

INITIAL SEED FOR. USE IN THE RANDOM NUMBER GENERATING
SUBROUTINE.

DUMMY VARIABLE FOR PASSING THE NUMBER OF GROUPS BEING
RUN IN A GIVEN SIMULATION SESSION TO VARIOUS SUBROUTINES.
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JRAN

KDOO

KMEAN

KMN

Xp
KPA
KPB

KpC

LIM

MIVRD
MTOUT
POUT

PRECYC

RNP
RNQ

s1

INITIAL SEED FOR USE IN THE RANDOM NUMBER GENERATING
SUBROUTINE. )

NUMBER OF RUNS/GROUP OF A SIMULATION SESSION..

DUMMY VARIABLE, NUMBER OF RUNS/GROUP OF A STMULATION
SESSION.

INCREMENTED VARIABLE USED AS A DIMENSION IN A D) LOOP.
NUMBER OF ENTRIES IN A STATISTICAL MEAN CALCULATION.
NUMBER OF ENTRIES IN A STATISTICAL MEAN CALCULATION.
NOMINAL PILOT GAIN.

MODIFIED PILOT GAIN.

MODIFIED PILOT GAIN.

MODIFIED PILOT GAIN.

INTEGER VALUE OF THE PILOTS PURE LAG TIME MULTIPLIED BY
100,

CALCULATED VARIABLE WHICH MODIFIES THE dT/W VALUE OUTPUT
FROM THE PILOT MODEL TO KEEP IT IN PHYSICALLY REALIZABLE
LIMITS.

VALUE OF THE MAXIMUM INSTANTANEOUS VELOCITY RELATIVE TO
DECK ENCOUNTERED DURING A SIMULATION RUN.

MEAN THRUST/WEIGHT RATIO OUTPUT DURING A SIMULATION
RUN.

VALUE OF THE PILOT MODEL OUTPUT, AFTER ADDITION OF NOISE
AND LIMITS.

NUMBER OF CYCLES THE SUBROUTINE TRANO.FOR IS TO RUN
THROUGH TO OBTAIN STEADY STATE OUTPUT BEFORE VALUES FOR
NOISE AND TURBULENCE INPUTS ARE RETURNED TO THE MAIN
PROGRAM. :

VALUE OF NOISE CALCULATED IN TRANO.FOR INSERTED INTO THE
PILOT MODEL AS INTERNAL PILOT MOISE.

VALUE OF NOISE CALCULATED IN TFANO.FOR ADDED TO THE
POSITON ERROFR (PILOT PRECEPTICH NOISE).

COMMANDED FLIGHT PATH ALTITUDE.
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S2
S3
SA1l
SA2
Sa3

SGAPP

SGP

SGPP

sst

5512

§S82

§5272D

SS3

SSAMP

SSGAP

SX

T
T2

T4

COMMANDED" FLIGHT PATH VELOCITY.
COMMANDED FLIGHT PATH ACCELZRATION.
COMMANDED HOVER ALTITUDE.

COMMANDED HOVER VELOCITY.

COMMANDED HOVER ACCELERATION.

INITIAL POINT FOR ‘A COSINE SMOOTHING FUNCTION IN THE
'RUN FAST' SEQUENCE OF THE FLIGHT PATH LOGIC.

INITIAL POINT FOR A COSINE SMOOTHING FUNCTION IN THE
'CHASE' SEQUENCE OF THE FLIGHT PATH LOGIC.

INITIAL POINT FOR A COSINE SMOOTHING FUNCTION IN THE
'RUN' SEQUENCE OF THE FLIGHT PATH LOGIC.

SHIP DECK POSITICN..

RELATIVE DISTANCE BETWEEN SHIP DECK AND A/C DELAYED
BY THE VALUE OF THE PURE PILOT LAG TIME.

SHIP DECK VELNCITY.

RELATIVE VELOCITY OF THE SHIP DECK RND A/C DELAYED
BY THE VALUE OF THE PURE PILOT LAG TIME.

SHIP DECK ACCELERATION.

AMPLITUDE OF THE COSINE SMOOTHING FUNCTION IN THE

'ABORT TO HOVER ALTITUDE' SEQUENCE OF THE FLIGHT PATH
COMMAND LOGIC.

INITIAL POSITION FOR THE START OF THE COSINE SMOOTHING
FUNCTION IN THE 'ABORT TO HCVER ALTITUDE' SEQUENCE OF THE
FLIGHT PATH COMMAND LOGIC.

DUMMY VARIABLE IN CALL TO INPUT1.FOR, NOT USED IN THIS
VERSIOR.

TIME (SECONDS).
MODIFIED VALUE OF T2, NOT USED IN THIS VERSION.
REMNANT FROM EARLIER PROGRAM, NOT USED IN THIS VERSION.

MODIFIED VALUE OF Tk, NOT USED IN THIS VERSION.
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TIME INCREMENT FOR RUNNING THE SIMULATION.

TE THROUGH TE4 TIME INITIALIZED AT THE BEGINING OF A SET OF

TF

TFIN

TGEE

TII

TOUT

TOUTMAX

TOUTMIN

TSDA

VSDA

VTD

VTD1

VT2

CONSECUTIVE RUNS THROUGH ONE OF THE FLIGHT PATH COMMAND

LOGIC SEQUENCES FOR TIMING OF THE COSINE SMOOTHING
FUNCTIONS.

FINAL TIME FOR WHICH THE SIMULATION ABORTS A RUN IP
TOUCHDOWN HAS NOT BEEN ACHEIVED.

DUMMY VARIABLE USED IN GRAPHICS SUBROUTINE TO INDICATE
X-AXIS MAXIMUM VALUE FOR GRAPH.

PILOT LAG TIME CONSTANT.

VALUE CALCULATED IN TRANO.FOR FOR INPUT AS TURBULENCE
INTO THE A/C TRANSFER FUNCTION.

THE INITIAL TIME A RUN WAS STARTED. AT AS OUTPUTTED FROM
A RANDOM NUMBER GENRATION SEQUENCE WITH BOUNDS FROM O
TO 3600 SECONDS,

PILOT LEAD TIME CONSTANT.

THRUST-TO-WEIGHT RATIO.

MAXIMUM THRUST-TO-WEIGHT RATIO COMMANDED BY PILOT (WITH
A/C LIMITS) DURING A GIVEN RUN.

MINIMUM THRUST-TO-WEIGHT RATIO COMMANDED BY PILOT' (WITH
A/C LIMITS) DURING A GIVEN RUN.

PART OF THE SEQUENTIAL CALCULATION OF STANDARD DEVIATION
FOR FLIGHT TIMES IN A GROUP OF RUNS.

THE MAXIMUM THRUST-TO~-WEIGHT RATIO ALLOWED FOR A GROUP
OF RUNS.

PART OF THE SEQUENTIAL CALCULATION OF STANDARD DEVIATION
FOR TOUCH DOWN VELOCITIES IN A GROUP OF RUNS,

RELATIVE VELOCITY OF SHIP AND A/C AT TOUCHDOWN.

TOUCHDOWN VELOCITY FOR PREVIOUS RUN USED IN STATISTICAL
CALCULATIONS.

DUMMY VARIABLE PASSED TO SUBROUTINE TRANO.FOR. NOT USED IN

THIS VERSION. ’
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Yo
Y1
Y1A
Y1B

Y2

Y2A
b 4:)

Y3

Y3A
Y3iB
Yal

YATA

YA1B

YA2
YA3
YAA1

YAATA

AN INITIAL CONDITION OF POSITION FOR THE A.I.L. CALCULA-
TICN OF THE DIFFERIENTIAL EQUATION DESCRIBING THE PILOT
TRANSFER FUNCTION. .

POSITION OUTPUT OF THE PILOT TRANSFER FUNCTION.

FIRST PART OF POSITION CALCULATION FOR OUTPUT OF PILOT
TRANSFER FUNCTION.

SECOND PART OF POSITION CALCULATION FOR OUTPUT OF PILOT
TRANSFER FUNCTION.

VELOCITY OUTPUT OF THE PILOT TRANSFER FUNCTION.

FIRST PART OF VELOCITY CALCULATION FOR QUTPUT OF PILOT
TRANSFER FUNCTION.

SECOND PART OF VELOCITY CALCULATION FOR OUTPUT OF PILOT
TRANSFER FUNCTION.

ACCELERATION OUTPUT OF THE PILOT TRANSFER FUNCTION.

FIRST PART OF ACCELERATION CALCULATION FOR OUTPUT OF
PILOT TRANSFER FUNCTION.

SECOND PART OF ACCELERATION CALCULATION FOR OUTPUT OF
PILOT TRANSFER FUNCTION.

POSITION OUTPUT OF THE PILOT TRANSFER FUNCTION AS USED

FOR INPUT TO A/C TRANSFER FUNCTION.

FIRST PART OF POSITION CALCULATIOM FOR OUTPUT OF THE
PILOT TRANSFER FUNCTION AS USED FOR INPUT TO A/C TRANS-
FER FUNCTION.

SECOND PART OF POSITION CALCULATION FOR OUTPUT OF THE
PILOT TRANSFER FUNCTION AS USED FOR INPUT TO A/C TRANS-
FER FUNCTION.

VELOCITY CUTPUT OF THE PILOT TRANSFER FUNCTION AS USED
FOR INPUT TO A/C TRANSFER FUNCTIOHN.

ACCELERATION OUTPUT OF THE PILOT TRANSFER FUNCTION AS
USED FOR INPUT TO THE A/C TRANSFER FUNCTION.

POSITION OUTPUT OF THE PILOT TRANSFER FUNCTION USED FOR
MONITERING PILOT TRANSFER FUNCTIOR OUTPUT,

FIRST PART OF POSITION OUTPUT OF PILOT TRANSFER FUNCTION
CALCULATION.
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YAA1B SECOND PART OF POSITION OUTPUT OF PILOT TRANSFER
FUNCTION CALCULATION.,

YAA2 VELOCITY OUTPUT OF THE PILOT TRANSFER FUNCTION USED FOR
MONITERING PILOT TRANSFER FUNCTION OUTPUT.

YAA3 ACCELERATION OUTPUT OF THE PILOT TRANSFER FUNCTION USED
FOR MONITERING PILOT TRANSFER FUNCTION OUTPUT.

YDO INITIAL CONSTANT FOR VELOCITY USED IN THE A.I.L. CALCULA-
TION OF THE DIFFERIENTIAL EQUATION REPERSENTING THE
PILOT TRANSFER FUNCTION.

2 AIRCRAFT HEIGHT ABOVE MEAN DECK POSITION.

A1 FIRST PART OF THE POSITON CALCULATION FOR A/C TRANSFER
FUNCTION OUTPUT.

2n2 SECOND PART OF THE POSITION CALCdLATION FOR A/C TRANSFER
FUNCTION OUTPUT.

ZB1 FIRST PART OF THE VELOCITY CALCULATION FOR A/C TRANSFER
FUNCTION OQUTPUT.

2B2 SECOND PART OF THE VELOCITY CALCULATION FOR A/C TRANSFER
FUNCTION OUTPUT.

2Ct FIRST PART OF THE ACCELERATION CALCULATION FOR A/C TRANS-
FER FUNCTION CUTPUT. .

2c2 SECOND PART OF THE ACCELERATION CALCULATION FOR A/C
TRANSFER FUNCTION OUTPUT.

ZD A/C VELOCITY OUTPUT.
ZDD A/C ACCELERATION OUTPUT.
FAL) VERTICAL VELOCITY DAMPING DUE TO AIRFRAME TIME CONSTANT.

ZWDTDT NUMERATOR CONSTANT FOR THE A/C TRANSFER FUNCTION.
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LIST OF VARIABLES FOR IN4.FOR

NAME

DESCRIPTION

AMPA

AMPB

IFLAGS

ISFLAG1

S1

s2

83

SX

TAU

T1

THE INITIAL TIME FOR THE 'A' SEQUENCE OF THE  HOVER ALT=~

" ITUDE COMMAND LOGIC.

FINAL HOVER COMMAND HEIGHT. ALSO THE AMPLITUDE FOR THE
'A' SEQUNCE OF THE HOVER COMMAND HEIGHT LOGIC (THE
COSINE FUNCTION OF 'A' SEQUENCE IS NOT USED IN THIS
VERSION).

THE AMPLITUDE FOR THE COSINE FUNCTION OF THE 'B' SEQUENCE
OF THE HOVER HEIGHT LOGIC. AMPA+AMPB GIVES THE INITIAL
STARTING HEIGHT ABOVE THE- SHIP DECK MEAN. IN THIS VERSION.

THE INITIAL TIME FOR THE 'B' SEQUENCE OF THE HOVER ALT-
ITUDE COMHAND LOGIC.

LOGIC SWITCH TURNED ON AFTER THE INI'TIAL COMMANDED LETDOWN
FLIGHTPATH ('B' SEQUENCE) REACHES THE CONSTANT HOVER ALT-
ITUDE VALUE (AMPA) TO PREVENT REINITIALIZATION OF THE ‘B’
SEQUENCE DURING A GIVEN RUN. THIS VARIABLE CORRESPONDS
TO IFLAG8 IN THE IN4,FOR CALL STATEMENT FROM VPAIC.FOR.
LOGIC SWITCH TURNED ON AFTER THE TIME INITIALIZATION IN
THE ‘A' SEQUENCE TO PREVENT REINITIALIZATION OF THE TIME
DURING A GIVEN RUN.

COMMANDED HOVER FLIGHT PATH ALTITUDE.

COMMANDED HOVER FLIGHT PATH VELOCITY.

COMMANDED HOVER FLIGHT PATH ACCELERATION.

DUMMY VARIABLE USED IN CALL STATEMENT TO IN4,.FOR, NOT
USED IN THIS VERSION.

TIME (SECONDS).

TIME MINUS THE TIME OF INITIALIZATION OF EITHER THE 'A' OR
'B' SEQUENCE.

THE INITIAL TIME A RUN WAS STARTED AT, AS QUTPUTTED FROM

A RANDOM NUMBER GENERATION SEQUENCE WITH BOUNDS FROM O
TO 3600 SECONDS.
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TIMA

WNS1

VARIABLE USED IN THE INITIALIZING THE TIME FOR THE ‘A’
SEQUENCE. _ :

FREQUENCY OF THE COSINE FUNCTION IN THE 'A' SEQUENCE.

FREQUENCY OF THE COSINE FUNCTION IN THE ‘'B' SEQUENCE.

LIST OF VARIABLES FOR TRANO.FOR

NAME DESCRIPTION

FLAG REMNANT FROM EARLIER PROGRAM, NOT USED IN THIS VERSION.

I DUMMY VARIABLE USED IN DO LOOPS.

1B IFIXED VALUE OF XB.

IS IFIXED VALUE OF S. -

M THE NONINTEGER PART OF THE TIME (IN SECONDS) OF THD
SYSTEM CLOCK. :

PRECYC NUMBER OF CYCLES THE TRANO.FOR SUBROQUTINE IS TO RUN
THROUGH TO OBTAIN STEADY STATE OUTPUT BEFORE VALUES FOR
NOISE AND TURBULENCE INPUTS ARE RETURNED TO. THE MAIN
PROGRAM,

RNO QUTPUT OF THE FIRST ORDER FILTER USED AS INTERNAL PILOT
NOISE.

RNOD FIRST DERIVATIVE OF RNO.

RNP RNO MODIFIEC BY A GAIN.

RNQ OUTPUT OF THE FIRST ORDER FILTER USED AS PILOT PRECEP=-
TION ERROR.

RNQD FIRST DERIVATIVE OF RNQ.

RT SYSTEM TIME MINUS THE HNONINTEGER PART OF THE SYSTEM
TIME, IN SECONDS.

S

INDICATES IF XM IS EVEN OR ODD.
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SIGMA
SIGMAN

SIGMAQ

TGEE

VTZ

WNQ

X8
XM

XS

Ya

YB

THE SIGMA VALUE FOR THE FILTER USED IN GENERATING
TURBULENCE. -

THE SIGMA VALUE FOR THE FILTER USED IN GENERATING
ZHTERNAL PILOT NOISE,

THE SIGMA VALUE FOR THE FILTER USED IN GENERATING
PILOT PRECEPTION NOISE.

THE PROGRAM TIME INCREMENT.

OUTPUT OF THE FRIST ORDER FILTER USED TO GENERATE

RANDOM TURPULENCE.
SYSTEM TIME IN SECONDS.
SAME AS TGEE.

FREQUENCY TERM FOR THE ‘fURBULENCE SHAPING FILTER.

RANDOM

THE

THE

FREQUENCY TERM FOR THE INTERNAL PILOT NOISE SHAPING

FILTER.

FREQUENCY TERM FOR THE PILOT PERCEPTION ERROR SHAPING

FILTERs

MODIFIED VALUE OF RT.

FLOATED VALUE OF M.

FLOATED VALUE OF 1IS.

VALUE. OF 12 RANDOM NUMBERS ADDED TOGETHER IN THE PROCESS™ -

OF CREATING A GAUSSIAN DISTRIBUTION FROM A WHITE NOISE

SOURCE.

A RANDOM NUMBER GENERATED FRCM A WHITE NOISE SOURCE.

A RANDOM NUMBER GENERATED FROM A GAUSSIAN DISTRIBUTION

SOURCE.
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VARIABLES FOR GENGM.FOR

NAME DESCRIPTION

EN RANDOM PHASE ANGLE.

H1 THROUGH H6 ARE THE CONTRIBUTIONS TO THE SHIP HEAVE IN FEET,
FROM EACH OF THE SIX SINE CONPONENTS TO THE SHIP
HEAVE MOTION APPROXIMATION.

HD1 THROUGH HD6 ARE THE CONTRIBUTIONS TO THE SHIP HEAVE VELOCITY
. IN FEET/SEC, FROM EACH OF THE SIX SINE CONPONENTS TO
THE SHIP HEAVE MOTION APPROXIMATION.-

HDD1 THROUGH HDD6é ARE THE CONTRIBUTIONS TO THE SHIP HEAVE ACCEL-
ERATION IN FEET/SEC**2, FROM EACH OF THE SIX SINE CON-
PONENTS OF THE SIX SINE CONPONENTS TO THE SHIP HEAVE

MOTION APPROXIMATIC. 4
IB IFIXED VALUE OF XB.
M IFIXED VALUE OF S.

P1 THROUGH P6 ARE THE CONTRIBUTIONS TO THE SHIP PITCH POSITION
IN RADIANS, FROM FACH OF THE SIX SINE CONPONENTS TO
SHIP PITCH MOTION APPROXIMATION.
L}
PD1 THROUGH PD6 ARE THE CONTRIBUTIONS TO THE SHIP PITCH VELOCITY
IN RADIANS/SZC, FROM EACH OF THE SIX SINE CONPONENTS. TO
SHIP PITCH MOTION APPROXIMATION.

PDD1 THROUGH PDD6 ARE THE CONTRIBUTIONS TO THE SHIP PITCH ACCEL-
ERATION IN RADIANS/SEC**2, FROM EACH OF THE SIX SINE
CONPONENTS TO SHIP PITCII MOTION APPROXIMATION.

RT SYSTEM TIME MINUS THE NONINTEGER PART OF THE SYSTEM
TIME IN SECONDS.

S INDICATES IF XM IS EVEN OR ODD.

S SHIP DECK POSITION RELATIVE TO THE MEAN DECK POSITION.
S2 SHIP DECK VELOCITY.

S2A SUM OF THE SHIP HEAVE VELOCITY CONTRIBUTIONS TO THE

SHIP HEAVE MOTION,
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s2B

s3

S3A

Ss3B

T1

™

XB

XM

XS

SUM OF THE SHIP PITCH VELOCITY CONTRIBUTIONS, MULTI-.
PLIED BY THE DISTANCE FROM THE SHIP C.G. TO THE SHIP
LANDING PAD BULLSEYE TO OBTAIN THE CONTRIBUTION OF THE
SHIP PITCHING MOTION TO HEAVE AT THE LANDING PAD BULLS-
EYE,

SHIP DECK ACCELERATION.

SUM OF THE SHIP HEAVE ACCELERATION CONTRIBUTIONS TO THE -

SHIP HEAVE ACCELERATION.

SUM OF THE SHIP PITCH ACCELERATION: CONTRIBUTIONS, MULT-

- IPLIED BY THE DISTANCE FROM THE SHIP C.G. TO THE SHIP

LANDING PAD BULLSEYE TO OBTAIN THE CONTRIBUTION OF THE
SHIP PITCHING MOTION TO HEAVE AT THE LANDING PAD BULLS-
EYE,

TIME (SECONDS).

THE INITIAL TIME A RUN WAS STARTED AT, AS OUTPUTTED
FROM A RANDOM NUMBER GENERATION SEQUENCE WITH BOUNDS
FROM 0 TO 3600 SECONDS.

SYSTEM TIME IN SECONDS.

MODIFIED VALUE OF RT,

FLOATED VALUE OF M,

FLOATED VALUE OF IS.

RANDOM NUMBER WITH MAGNITUDE OF -0.5 TO 0.5.
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$ SET VERIFY :
$ ASSIGN/USER SYSSCOMMAND SYS$INPUT

3 LINK SHPREF,DISPLOT,SYS$LIBRARY:INTLIB/LIB,DISSPLA/LIB, INTLIB/LIB )
$ SET NOVERIFY ' '

S r——— S i
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0001
0002
0003
004
00es
oocs
0007
0008
0039
0010
0041
0012
0013
oot4
0013
0216
0017
0018
0019
0028
0021
0022
6223
6024
0023
0026
027
0028
0023

0030°

031
0032
0033
G034
0033
0038
0037
0033
0033
004)
0041
0042
0043
0044

0043 -

0046
0047
0043
0043
0030
0051
0052
0033
0034
0053
0036
0057

PO ST SRS Ve A B 3

NI

2-Feb-1983 13:21:49
10-Dec-1924 13:18:18

€2345678301234567830. . .ete.

(e X Ny

¢

DIMENSICH H(20) HE(30),PHE(30),S4(30)
REAL 1S
CHARACTER®12 FLNY
USs42.17 142,17
HUS=2.0344  1RAD
H3=12.0 I'FY
PRINT%,D0 YOU HISH TO ENTER DATA IN NOH FILE? 1=YES’
ACCEPTA, FLAGA

PRINTY,*DO YOU HISH A PLOT CF THE DATA? 1sYES’
ACCERTR FLAGE

PRINTE, ENTER T0,VS,HUS,KS’

ACCEPT#,T0,V3,105 S

T0=13.1 ISEC

FI/SEC

C ke ENTER FILENWE IN ACCEPT STATEMENT IN FORM OF ‘filenzne’,

¢

13

a

848

45
c4?
&
¢

3

ity IF YOU ME IT STUFF.DAT, INPUT IT AS *STUFF.DAT”
TYPER,‘ENTER FILE NAME’ | INFUT FILDMSE AS ‘filenzze’
ACCEDTH, FLSY :
IF (FLAGA LEQ. 1) BDTO S
CPEN (INITaL,FILE=FUM,
60 70 10
CPEM {INIT=1,FILE=FLIN, TYPES'NE')
3250
L=200
H=500
K=t
00 50 IsL M8
HCK)<FLOAT(1)/1000,
IF (FLASA L€Q. 1.8) 6D 70 30
READ (1,25) RAD
FORMAT(1X,F10.7).
6070 40
TYPER, ‘Ha’ H(K)
FRINT®,* INPUT CCRRESPONDING RAD. LLE’
AECEFTH,RA0 .
WRITE (1,35) RAD
FOIAT(1X,F16.7)
HE(K) H(K) -H{R) R VS C0S(MUS) /32,2
SU=((483.51H5H82) /((TORRA) R (H(K) 425) ) )
SHOP(-1944. 5/ ( (HK)ATO)k4)
SH{K) 2 SAB :
SHIK)=S0i58
RCHK=UDICOS (HUS)RE (K )/ 32,2
PRINTA, ‘858485884 RCIK
IF (ROHX LT, 1.0) 00 10 45
DHXE=1.0/((ABS(RCIX)~1)440 ,5)
6o T0 47
DHORED, 0/ (1-RCKX) 140, 5)
PRINTA, DEHE
PHICK)=S{(K) RORDREARAD
IF (PHI(K) .GT. PHIHAX) PHIMAX=PHI(K)
PRINTR,PHI(K) , PHIMAX
Kek#l
CNTINE
IF (K .6T. 20) €010 €3

= 0LD’)
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SHPREFSMAIN | 2-Feb1985 13:21:49  WaX-11 FORTRAN V3.5-62 Page
10-Dec-1984 13:18:18  FSD0:[ STEVENS. SHIPSTUFFISHPREF . TOR;23
0038 )T (K .GT, 15) 60 70 58
0039 L2625
0060 K=750
006l J=25
0062 60 70 15
€363 % L~800
0064 1200
0063 =50
6066 71013
0067 60 00 65 [=1,2¢4
0068 PHI(1}=PHE(T)/PHIMNAX
0063 65 CNTIMX
0676 IF (FLAGB 1S, 1.0) GO T0 66
987t CALL MARIPLT(HE ,PHE LK)
0072 S8 PRINTR,’ H HE Y,
0073 i’ . S
0674 TPLr, ! d
- 007S PO 70 1=1,24
0076 TYPER K(1),NECE), PHI(T), SH(T)
6077 ¢ TYPER, ‘HE=/ HE(1),’ PHI=’ FHE(1),” SNUD)= 21D
078 7, COININE
0879 PRINT® ,/PHIMAX=” PRIFAX, . MUS* MU, * IS¢’ K5’ TO=/,T0
0059 PRINTR, FLAM
091 CLOSE()
0082 SToe
[edie] B0
,
~
PROGPAY SECTICNS
Nave Bytzs  Attributes
0 $C00E 1293 FICCOMRELLDL SR BXE  RD NORT LGNS
1 $P0ATA 279 PICCONRELLTL SR MODE  RD NORT L0
2 $LeCAL 752 PIC CON REL LCL NCSHR NOEXE - RD. WRT LONG
. Tetal Space Allocated 23
ENTRY POINTS
Address Type Hase Refermces
§-00000003 SIPREFHRAIN
\RAJARLES
Address Type Name Attributes References
2-00000228 Rt4 [DIONE e e 52
2-000001F0 R4 FLAGA 10n 2 a
. } 2-06C00IF4 R4 FLALB 12¢ 72
! 2-000001E0 W FLIH 3 20 7. 24
: 2-00000200 R¥4 HS 14s i b
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! ‘_\ SHPREFSHAIN ) 2-Fab-1985 13:21:49  UAX-11 FORTRAM V3,5-62 Page 3
! : 10-Dec~1964 13:18:18  FSDO:[ STEVENS. SHIPSTUFF ] SHPREF.FOR ;23

: 2-00000214 124 | 29 % 67= 68(2) 75 26(4)
{ - 2-00000208 §x4 25 2 6= 5= o
2-00030210" 144 X 2 k| k- 403 4 ? a2 43
' . S8 S (= W 58 A
P 2-00000208 [#4 L 262 2 5% 63
I 2-0000020C 144 M bred 2 0= 64
2-000001EC RH4 MUS 4 s 0 '] ”
2-00000220 RR4  PHINAX 53+ 68 »
' 2-00000218 Rt4 RAO 2= 7 k] 52
b 2-0000022¢ Rt ROIX 45 Y] 4 ]
2-0000021C Rt4 S 1= 43
I 200000220 RA4 SB 42 3
. _ 2-000C01F8 R*¢ T 14= 4 73 ]
e 2-000001FC Ra4 VS 14 4 s
I ARIAYS
Address Type Naze Attributes Bytes ODimensions. References
2-000000F0 Re4  PHI 128 (30) 3 S52= 53(2)  68(2)x  7MA
: 7%
2-00000163 Rad SH 120 (30) 3 i R 7%
. 2-05800000 Re4 W 120 () 3 3= 3 W 4
- £ 7%
L\ 2-00000073 Rr4 IE 120 (30 3 40s 43 A 7%
r LABaLS
}
- Address  Ladel Referesces
“1 - 0-00000L0E 5 a 24
P 0-00000117 10 pe] 25
BER 0-0000012A ‘15 0% 62 (73
. i 2 2
1-00000108 25 2
6-00000158 39 k| 5t
1-00000§11 35° 8 k=
0-0000023¢ 40 3 o
8-00000263 43 'y 508
0-oco02F1 47 9 528
+ 50 2 568~
: 0-0000035% 55 58 63
: : 0-00000369 60 . 57 67
: + 65 67 69
0-0000035C 65 by e
' ' E ) b; ] rel 789

A43
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SHRREFRQIN

,...._,;—_\u.»" .

FUCTICS RO SUBANUTINES REFERENCED

: Type Nese References
FORMCLOSE a
e FoReOPEN 2 F{
' s - KRR . n
RN NTECOS , @ Y
R4 HTHIDXP LH
. i KEY TO REFERENCE FLASS I
- | = < VUslue Podified 1
I & =Defining Reference |
1 A - Actual Arquzest, possibly oodified |
-1 D ~Datalnitializatien I
I () = Moder of occurrences oa line |
OO0 QRLIFIERS
a | RO /LROALLS SPAEFLFOY
”~ . .
’ SO\ JOECR=(HNOMDE DS, OVERFLOH HOUDERFLI)
Id JOSPUS(NOSYVOCL S, TRACERACK)
ISTRE D= (NISTHTAX NOSXREE_FORH)
£SO (N REPROCESSOR, MOINCLICE 1AR)
-

COPILATION STATISTICS

Rsa Tine: 4,57 seconds
Elzosed Tine: J.47 seconds
Page Faults: 248

Dynazic Nemory: 150 pages

A4

2F06-1533 1121149
16-Dec-1984 13:16118

VAX-11" FORTAAN V1.5-62 Page

FSDO1 | STEVENS SHIPSTUEF ) SHPREF.FOR:23

AT AKG_FLGATING /14 /OPTINIZE AAENINGS /NOD_LINES /CROSS_REFERDNCE ANIRCHINE COOE /ONTIRWATIQS<]Y

4

Lo

o b ren Al YA S A S S




™

bbb bbb

2FEB-I955 10130130.32  FSOOLISTEVENS. SHIPSTIRFIQERMINFILAONS  henstemresnisiieessinans
2FIB-ISS 12:30:30.32  FSO1STOVNS, SUIPSTEV INIIFILCNS  thetitateetentsrntmstining

bt ibbtd 32 bt bt it bbbbs

2-T00-1583 13120:30.22  FSO01] STEVOS, SHIPSTUFF IGVSMINF ILFOR;3 Hbth

GNSMINFIL.FOR;3

T8-1533 1120333,32  FOQ:[STEVIIG. SHIPSTUFFJGNIINFIL.FOR ibvdbthie ikt

Addbbdiiddbbis PN

ALCATS0R 12,35 29 CORAIECTOTNG CULRTYIEL HAMILE Y €M s

Ads5

A b i bt



h

.f'

CRAUITRHZAKEN. . 010,

10

CHARACTERM 2, FLIY

TYPER,  INPUT FILENRE ¢

ALCEPTR FURA :

CPEN (UNIT=4, FILESFUN, TYPE'1EN')

TYPER, IPUT WALUE FOR 1SEAS, THE SEA STATE'
ACOEFTRJ

RITE (4,5)

FOHAT (1X,14) )

" OTYPER,INPUT WALIES FOR WE,AZ, BHIZ ATH, AND PHIO’

TYPER,‘TYPE MITERS L6E. SO TO GUIT/
TYPER,* INPUT W2 ,AZ, PHIZ ,ATH, PRI’
AOCEPTH KE AT PHIZ ATH, PHIO
IF (A2 6. S0) E3T0 99
WRITE (4,19) WE AZ,PHIZ,ATH,PHIO
FORMAT (1X,3(F8.4))

@Y7
QLOSEC4)
STeP
B8O

L ks e @ e X

Ad6 S

o — - e e

-
T et v o . R . \S.S




it Ak

2-FEB-1968 1115T154,13  FSOOI(STEVENS.SHIPSIUPY [VASING ILLLIS{L  FTRARRARAMMMMMassanssansinane

2-FEB-1908 11:57:54.13  FSDO:[STEVINS, SHIPSTUFF JVASINFIL.LIS]]  thtitkiittttidehitebitiriitt

bbbt L]

2-FEB-1588 13152:34.13  FSDO:{STEVINS, SHIPSTUFFJVASINFILLLIS;E  dbbbkibbni

VAaSINFIL.LISzA

2-FEB-19983 11:57:34.13 rmo:tsrwas.mmsrmmnn(iuél it thH e
2FEB-1983 11057154.13  FSOO1[STEVENS, SHIPSTUFF IVASIAFIL.LISH]  Athirbithrtitidtibt ittt

A47
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pR

-
. 2-Feb-1935 11:49:69  WAK-11 FORTRAN U3.3-62 . Page
N | : . 10-Dec-1984.46:23:10  * FSO0: [ STEVENS. SHIPSTUFF NASIFIL.FOR 3
0001 €234567830234567890. . .ete. .
0502 ~ :
0003 REAL KP - -
0004 CHARACTER#12,FLIY
o0es TYPER, [NOUT FILDNAE *
0006 ACCEPTR ALY
0007 OPEN (UNIT=1, FILE=FLIM, TYPE‘NDH’)
£008 TYPER,” INPUT WALLES FCR J, THE MMBER OF COROITIONS,’
0009 TYPER,AD K, THE MMSER OF RUNS FOR EACH COMDITION.’
1010 ACCEPTH, 4K
oot RITE (1,5) 4%
0012 5 FORMAT (1X,2(14))
0013 TYPER,* INPUT WALLES FOR LAG,ELC,TH,BH, AND KP’
cotd TYPEt, ' TYPE MMBERS .SE. 50 T0 QUIT”
o0s  ? TYPER,* INPUT LAGELC, TH.7H, KP*
o016 ACCEPTA 146, EL.C, T, DHLKP
0017 IF (LA6 .GE. 50) GO 10 50
t1s WRITE (3,100 LAG,ELC,TH,24,KF
0019 10 FORMAT (1X,14,4(F20.6))
. 0020
( 002 60107
002 S0 CLCSE(L)
0023 stoe
2024 2o
’r PROGRAYT- SECTIONS
i
N Name Bytes  Attributes
T ¢ $000E 446 PICCRNROLLL SR DE RO MIAT LNG
T 1 $POATA 216 PICCONREL LOL  SHR NGEXE  RD NORT LONG
- 2 SLOCAL 128 PIC CON REL LEL NOSHR NOEXE RD  WRT LONG
- Total Space Allocated %
ENTRY POINTS
- Address Type Name References
* 0-00000000 VASIRFILSMAIN
: WRIARLES
Address Type Naze Attridbutes References
2-0000001C R#4 FLC 162 18
2-00000000 CHAR FLNY 4 6 )
2-00000010 1t J 10: 11
2-00006014 148 K 10+ 11
2-0000000C Red KP 3 16+ 18
. 2-00000018 1%4 LAG 162 17 18

A48
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i /
'/
f
( WSINFILSAIN
} 2-00000020 Red TH - 162
2-00000024 Red ZH 162
' LABELS
4 Address  Ladel References
1-foogo0ct 8 - Con
0-00000102 7 150
1-000000C8 107 18

0-0000010F 50 . T

FUNCTIQNS AND SUSRDUTINES REFERENCED

Type Name . References
FORSCLOSE _ 2
i FORSOPEN 7
H .
= i KEY T0 REFERENCE FLAGS |
: I = - Value Modified 1
i | & ~Defining Reference !
) I A - Actual Argusent, pessibly modified |
. | D - Data Initialization |
: [~ (n) - Nusber of occurrences on line I
ren + - -4

-

COtY0 QUALIFIERS
FORTRAN /L1S/CRO WASINFIL.FOR

/CHECK=(NCBOUNDS , OVERFLOA NOUNDERFLIW)

- /DEBUG=(HOSYMBOLS, TRACERACK)
/STRIOARD=(NOSYNTAX ,NOSQLRCE_FORM)

/SH043{NGPREPROCESSOR JNOINCLLOE MAP)

18
18

12

19
2

2-Feb-1985 11:43:09
10-Dec~1984 16:23:10

R
N

WX-11 FORTAAN V3.5-62 - Page 2
5003 [ STEVENS, SHIPSTUFF JURSINFILFCR:9

/F27 MNOG_FLOATING /14 /OPTIMIZE /WAPNINGS ~NOD _LINES /CROSS REFERDNCE /NQMACHINE_CODE /CONTINUATICNS=13

COMPILATION. STATISTICS

Run Tine: 1.68 seconds
Elapsed Time: 2.53 seconds
Page Faults: 133

Dynaaic Hemory: _125 pages
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2-FEB-1985 13:31:42.47

| 2-FEB-1985 13:31:42.17

2-FEB-155 13:31:42.17

FSD0: {STEVENS , SHIPSTUSF IONSHINFIL LIS;E
FS00: [STEVENS, SHIPSTIFF ) GNSHINFIL.LIS; 1

FS002(STEVENS. SHIPSTUFF | GYMINFIL, L1S:1

GNSMINFIL .LIS;3A

2-FEB-1385 13:31:47.17

2.CTOLV 00K 89.21,47 VY

FSO0: [ STEVENS. SHIPSTUTT JNSHINFIL.LIS; 1

FONALCTOI NS CUTOETIECIACMIIE Y 4 1e.t

AS0

thttttrbirbnnkbx b etk

it bt

Sttt

frk bttt Ak g
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AS51

VAX-11 FORTRAN V3,567

© Page

FS00: [ STEVENS  SHIPSTUR: JGuMINF HL.FOR:3

’ y ’ - .~'_f'/, ./"/
oo
o !
L~ I
K
e
A fo
1 i
‘ C 2-Feb-198% 13:21:30
‘/ . " 10-Dec-1594 15:54:03
i) i
e’ . 001 C234567830243678%0. .. etc.
| 0602
b I 0003 CHARACTERA12, FLIM
i . 0004 TYPER,* INPUT FILEDWE *
Ko s 0003 ACCEPT, FLNY
! 0006 OPEN (LNTT=4, FILE=FLNY, TYPE="NEV*)
1 N " 0007 TYPER, INPUT WALUE FOR ISEAS, THE SEA STATE
' N _ t008 ACCEPTH,J :
R L 0009 RRITE (4,5). 4
: 0030 - 3 FORMAT (IX,I14)
: . 0811 TYPER,’ INPUT WALUES FOR NE,AZ,PHIZ,ATH, AND PHIC®
-t ; 0012 TYPEL, ‘TYPE MISERS LG, 50 TO QUIT
C s el 0013 7 TYPER, NPUT WE,AZ,PHIZ ATH,PHIO
o 014 ALCEPT HE AZ PHIZ ATH, PHIO
) 0015 IF (AT .6E. 50) 60 T0 S0 )
- I 0016 WRITE (4,10) WE,AZ PHIZATH,PHIO
' { 00172 10 FORAT (1X,5(F8.4))
: . 9018
e 0049 0707
’ I3 0020 50 CLOSE(4)
; 002 (304
- 0022 bo
[~
- :
T PROGRAYS SECTICNS
' -Tr Naze Butes Attridutes A
- 0 $C00E 403 PICONREL LLL SHR EXE  RD NGRT LOYG
; 1 4PATA 161 PIC CON REL LCL  SHRHODE  RD NORT LOW
/ = 2 %0 116 PIC COM REL LCL MOSHR NOEXE  #D AT LONG
’," H Total Space Allocated [3:1]
;
/ ENTRY POINTS
/ i
/' . ' Address Type Nawe . References
- ' 0-03000600 - IMINFILSHAIN
’ WRIABLES
Adiress Type Name Attributes References
2-0000001C RAG ATH ’ 14« 18
- 2-00000014 Red AZ 14s 15 16
- . : 2-00005000 CHAR FLIRY 3 5= 6
/ 2-0006030C 14 g 3
4 : 2-00000020 R4 PHIG 14z 1
' 2-00000018 Red PHIZ 14 18
A 200000010 RA4 BE = 16

. .

T T e T @ s o . e 4 e Bt e kS S



CHINFILERIN

BELS
/e Address  Label
P 1-0000009 §*
S 0-06000001 7
L 100000096 10°
s o 0-00060184 50
Y FINCTIONS ARD SUBADUTINES REFERENCED-
/ Type Heme

‘ FORSCLOSE
Z FORSOPEN

KEY TO REFERBYXE FLAGS
= Value Modified
= Delining Reference
- Actyal Arqument, possibly mdified
= Data Initialization
{n) = MNumber of sccurrences on line

- — e
oD e
j (RSP §

oD QUALIFIERS
FORTRAN /CROALIS GIMNFIL.FOR

/CHEQA = (MOB0DS, OJERFLCH, NOURDERFLBA)
/DEBUGY (NSSYMBOLS, TRACERALK)
/STRRDARD=(NOSYNTAX NOSGURCE_FCPH)
/S0 (ROPREPROCESSOR NOLNCLLOE , HAP)

10-Dec~1584 15:54:03

2-Fed-1583 13:21:20  WAX-13 FORTAMN V3.5-62' Page 2
FSDO 2] STEVENS. SHIPSTUFF JGUSHINF IL.FOR33

References
9 108
13 19
16 178
13 204
References
2
6

/FT7 MG FLOATING /14 /OPTIMIZE AAONINGS /NOD_LINTS /CROSS_REFTREMCE AWH{COO{ JCOTINGATI(NS=19

COPILATION STATISTICS

, Ru Tine: 1.56 secends
Elapsed Tire: 2.33 seconds
Pags Faultse 123
- Dynazic Moarys 125 pages
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€ Vel BV aveidbivvety P VIR s e e e bt b aste g )

2-FEB-19985 13:12:38.45  FSD0:{STEVENS,STCRAGE JGENSH.DAT; 4 PPPEITTITIovsIeTrseTTPIT I
2-FEB-1983 13:12:50.45  F500:[STEVINS.STORAGEIGENSH. (AT 4 tbthbbtbhritsti vttt

GENSM .DAaT ;4%

2-FEB~1985 13:12:50.45  FSOO:{ STEVENS.STORMACEIGENSH.DAT; 4 kbbbt b kbbb k
2-FEB-1955 13:12:50.45  FS0O:{STEVENS, STCRAGEIGENSHLDAT; 4 dhbthikbtbbt bttt Hohbt ket
2-FEB-5585 13:12:53.45  FS0O:{STEVENS.STORAGEJGENSH.DAT 4 thrtttittitirtttth it rbrbieet

AS3
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>

B

[
i 2
i : 4
S, 0.3714
) 0.5485
L , 0.7200
Lo £.8914
: // : 1.0629
v 1.2400
I{I .
.'II’

-
i I
i
! ./,
/ /
I K
.
£
A
‘i
N
h
4
fi
i
H
'/'
:/,‘

V4

0.1234
0.5654
151
1.6322
0.8724
0.1511

DATA FOR DD263 CLASS, SEA STATE 4

PRIZ ATH PHID

0.0033 £.0004 -1.1447
0.0035 0.0031 -1.1161
0.0132 0.0068 -0.9926
0.1242 8.0076 ~0.7348
0.5887- 0.0043 -0,25%2
1.4188 0.0018 0.271%

. .
>
~

ed

VO

1P U e #A 0

¥l
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2-FEB-1985 13:14:50.21  FSDO:{STEVENS. STORAGE JGENSH.DAT;S
2+EB-1285 13:14:50.21  FSOO:{STEVENS. STORAGE ) GENGH . DAT:S
2FEB-1935 13:14:50.20  FSDO:[STEVENS.STORAGE JGENSH. DAT;;S.

GENSM . DAT ; S

2-FEB-1385 13:14:50,21  FS00: (STEVENS. STORAGEJGENH.OATSS
2-FEB-1293 13:14:50,21  FSD0:[STEVENS.STORAGEIGERIN.LAT;S
2-FEB-158%5 13:14:50,21  FSDO:( STEVNS.STORPAGEIGENSH. DATSS
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[ Y

DATA FCR DD363 CLASS, SEA STATE 5

HE
5
0.3543
0.5134
0.7029
0.8743
1.0457
1,229

A PHIZ

———— —————

0.5917 -0.0035
2,7355 -0.6033
2.4986 - 0.0093
2.1737 0.1031
1.1326 0.5180
0.2533 1.3351

ATH PHIO

—— a——

0.0019 -1.1439
0.0086 -1.1467
0.0108 -1.0103
0.1008 -0.7674
0.0052, -8.3152
0.0019 0.2378

AS56
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S

L=

s et ] 2-FEB-1989 13:15:35.98 FSD0:{ STEVENS . STORAGEJ6ENSH. AT 6 St

B fi L Lttt 2-FEB-1925 13:15:35.99 £5D0:{ STEVENS. STORAGE 1 GENSH.DAT ;8
B et 2-FEB-1935 13:15:35.98 FSDO: [ STEVENS. STCRABE ) GDNGH. AT ;6

3

e

s s

. e ara o

BAAL AN ey 4s
2 At TNl 3 rten 4 s 004 Bt e

GENSM . DAT ; &
1
[
4
3
1
: 1
i
i3
[N
! N
iy
~
'\
!
btk AR 2-FEB-1985 13:15:35.98 FS50 ] STEVENS, STORAGE]GDHSH.DAT 6 R
kAR, 2-FEB-15985 13:15:35.98 FSD0: {STEWNS, STORAGEIGENZH.0NT 16 HEH A A ke~
o it arani i L] 2-FEB-1985 13:15:35.98 F5D0 | STEVENS. STCRAGE 1 6B¥EH.IAT 6 R R R kR
AS7
. \
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DATA FOR 00963 CLASS, SEA STATE 6

HE

a PHIZ

ATH - PHID

6
0.3486
0.4688
0.6343
0.8143
0.9629
11297

1.0005 -0.0035
4.4116 -0.0033
3.6532 0.0002
2.8583 0.0546
2.0422 0.2584
0.5776 0.883¢

0.0019 -1.1448
0.0113 -1,1432
0.0143 -1.0743
0.0135 -0.8560
0.0034 -0.5174
£.0033 -0.6384
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2-FEB-1953 13:40:23.90  FSDO:[STEVENS.SHIPSTIFF)VASURXS.LOM;3  settbirttrstivtttietiiritiiver
2-FEB-1395 13:40:23.50  FSO0:[STEVENS.SHIPSTUFF JVASLNKS,CON:Y dtrtrdirtrrvirhibtitistibrent
2-FEB-1985 13:40:23.90  FSDO:{STEVENS. SHIFSTUFF JUVASLNKS.COM;3 trearttttrtronttttrbetirtativt

VaSLNKS .CcOM:3 3

2-FEB-19835 13:40:23.30  FSOO:[STOVENS. SHIPSTUFFIVASUIKS. (04;3  dttirhittttitnr it ittt ittt
2-FEB-1335 13:40:23.90  FSDO:{STEVENS.SHIPSTUFF JUASLIXT,COM:3 bbbttt vk bkt
2-FEB-1985 13:40:23,50  FSOU:[STOIVENS. SHIPSTIFFJAWSUKS. O3 arkittitetitttibtbttitiratitd
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$ SET VERIFY . . .
$ LINK VASCON.VPALC, ING, GENSM, TRANO VASSTAT ,MPLT2,PLOT3,3YSSLIBRARY 1. INTLIB/LIB,D
$ SET MOVERIFY '
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Spaae

oy b r’\w»-hwl

* . '|. R . ..'
- TV .-

bttty 2-FEB-1985 18:05:18.68  FSDO: [ STEVENS. SHIPSTURF JWPAIC.LIS:L
okt 2-FEB-1935 11:05:13.68  FSD0:[STEVENS,SHIPSTUFF JVPALC.LIS:
Attt e 2-FEB-1985 11:05:18.68  FSDO:{ STEVINS, SHIPSTUFF JUPAIC.LIS;E

UVPALCOC . LIS

A R S 2-FE8-1935 11:05:18.68  FSDO:[STEVENS.SHIPSTUSFVPALC.LIS;L
i b Ao 2-FER-1955 11:05:18.68  FSDO:([STEVENS.SHIPSTUFFJVPAIC.LIS;L
Fto Rt 2-FEB-1385 11:05:18,68  FS00:{ STEVENS.SHIFSTUFF JVPALL.LIS; L
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toot
0002

0003

o004

0005

0006

0007

0008

0009

0010

oot

0012

0013

0014

0015

0016

0017

0018

0013

0020

002

0022

o 0023
0024

— ‘ 0025
=l 0026
0022

0028

0029

0030

0031

0032

003

0034

0035

003

0037

0038

;e 0033

- 0040

0041

. 0042
: 0043
0044

R 0043

s 0046
0047
0048
0049
0050
0051
0052
4 : 0053
L/ 6054
/ o005
T 0056
0057

AN

21-Jan=1935 12:09:25  WAx~11 FORTRAN V3.5-82 Page

19-Jan-1385 21:06:48

£32345678901234567890, . .ete

¢

—

YRRRRR

eQ

SUBROUTINE VASHP( ISEAS, K, JRAN, L, ELC, TH, GO KP HE AT FHIZ,
1 ATH.FHIG,JAY)

DIMEMSION SLS(30},5L(59) , SLA(S0),ZL(50),Z0L(50) .ZDOL(50)
DIKENSIIN KE(10),A2(10) PHIZ(10),ATH(10) ,PRID(10) ,21(300)
DIMENSION AC(500), TIMEE(S00)

. DIMENSION SLOT(53),THRTR(S),15(50),DU3(5D)

DIMENSION WHN(500),VSD(500) , THN(500),TSD( 500, TIHA(Z00)

REAL KP,IT1,IT2,173,1T4,175,1T6,177,178,179,1T10,1T11
REAL IT12,IT13,LIM,MTGUT HIVRD

REAL KPAKPB.KPC :

CHARACTER#3, BUF

CHARACTER®D BUFF

PRINTH,’RUNNING UPA1B AS HAIN PROGRAY
PRINT#,*SEASTATES , ISERS
PRINTR, P2’ (KP

KPA=KP

KPB=KPA1.3

KPC=kPE2.0.

G0=GHDOT

Di=0.01

IFLAGS=0

KAY=R

00 1 INT=1,50
ISCINT)=0
DUHB(INT) =0

CONTINGE

00 173 100=1,K

TYPER, DD YOU HAT A PLOT? NO=0*
ACCEPT FLAGY

TYPEr, INPUT INITIAL TIMEY
ACCEPTE ¢

TYPER,* INPUT T, ELC, ZH,TLAGY
ACCEPTH, TH,ELC, ZH L

23600 PAN(JIRAN)

[$08]
TC=0.01
¢0=0.0
aH00=0.0
a{TR=0.0
dHOTR=0.0
Ht=T
h=0.25 .
TFat114360
CGRPHT=t
GRAD.2
FORTHT=6.0 4.5
CTNHa-1.0

A62
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e 21-Jin-1985 12:09:35 Wil FORTRAN V3.5-62 Page 2
19-Jan-1985 21:06:48 £500: [ STEVENS. SHIPSTUFF JUPALC.FOR;17
0058 - Y10.0
0059 Y2:0.0
0060 ¥3:0.0 <
0061 Y0:0.0 '
0062 100=0.0 :
0063 12:0.01 _ . ‘ :
0064 O Kps0.00 : ,
0065 TLs0.73 . . '
0066 Te=0.01 10.01 :
8067 fLAG21.0 ¢ 1sTIRBULDNCE IS ON
0068 IFLAS3=0 1
0069 1FLAG?TY ) o
0070 - 1FLAG8=8 : P
0071 1FLAGS=D L
0072 1FLAGI0=0 Lo
073 L3610 :
0074 1FLAG12:8 i
0075 IFLAGL 31 !
0076 ;
0077 TE<0.0 o
0078 FPLS1=0.0 »
0079 20107232,2
€080 51240
0081 $2:0.0
0082 53:0.8
0083
0034 :
0088 T1=T242
0086 - T4=T2e%2
0087 IT1=TC
0088 [T2:TOATE/2
0089 1T3=T¢06 :
003 IT4TOR 423 :
0091 1TS=TCHS/120 i
0092 176=TCh6/720 !
0093 117=TC242/5040 o
0094 IT2=TCHE/40320.0 Pt
0095 &{TR=0.0 I
0096 ¢1=0.0 §:
0097 2:40.0 g
0093 0=0.8 )
0099 00=0.0 :
0100 17=1 :
0 REANL . iy
£102 TOUTHX=8..0 _ » ;
0103 TOUTNIN=10.0 .
0104 HIVRD=0.0 f
0105 3579856423 :
0106 00 S 151,50 :
0107 Qs(1)=40.0 :
0108 SLW(1=0.0 :
0169 SLA(1=0.0
o110 ZL(1)=40.0
o111 0t(1)=0.0
0112 00L(1)=0.0
0113 SLOT(H)=0.0
0114 THRTR(1)=0.0
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0113
0116
0117
0118
0113
0120
o121
nx
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0133
0135
0137
0138
0133
0140
0141
0142
0143
0144
0145
0146
0147
0148
0143
0150
0151
0152
0183
0
0155
0156
0157
0138
0139
0160
016l
0162
0163
0164
0165
0166
0167
0168
0163
0170
0un

11
ot

ouao

o
o

35

———t

21-J3n-198% 12:09:35
13-Jan-1383 21:06:48

COMTINE

00 6 1=1,500
AL(1)=0
TIEE(])=0

CoTINUE

RRITE(S,18)

FORMAT (SX,*t/,8X,"S17; 6X, K’ &, o’ &, TG’ , 8%, TL’,
1 &,'K)

WRITE(E,15)

045  FORAT (1X,100'____") /")

CALL INPUTL(SAL,A2,5A3,¢, t11, 1FLAGS, SX)
CALL INPUT2(551,552,553, 1, t 11, EN,IE A PHIZ ATH, PHI 0}
GALL TURBULENCE(TEEE, TC VTZ, PRECYC, R, RNQ)

60 70 14)

CALL IHPUTE(SAL1,5A2,543,t,t11, FLAGS, SX)
CALL INFUT2(SS51,552,583, v, t11, BN, HE AT FHIZ ATH, PHIO)
CALL TURBULENCE(TGEE, TC,VTZ,PRECYC,RP,RRD)

whethettt FLIGHTPATH COSWND LOGIC btttk

5512=851-2

88220=552-20 : ,
IF (IFLRI0 L€Q. 1 .40, TE4 .LT. 1.5) €O 70 50
IF (552 .6T. 5.5) 60 T0 35

IF (SS1Z .6T. -9.0 LAY, 552 .GT. 4.5) 60 70 49
IF (5312 L7, -3.0) 60 70 45 o,

IF (2 .LT. ABRTH) GO TO 45 Lo
IF(ssz .6r.cnvapcotosy '

IF (IFLAG3 .EQ. 0) THN
TEL=0.0
IFLAG3=1

1RLAG7=0
IFLAGY=0
IFLAGL0=0
IFLAGY1=0
IfLAG1 220
1FLAG1 3=0
L3P=51

CT=-1.0

B9 IF

S1=SS14((S6P-55114(SGP-651)#C0S( 6., 29324TEL))/2.0
§2=832
$3=583
KP=xpg
IF (CXPB .£Q. 1) KP=XFA
TEL=TEL$TE
IF (TEX .GT. 0.5) TE1=0.5
FPLS=3
G0 70 65
IF (IF1AG11 .EQ. 0) THEN
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WP

017
0173
0174
0175
0176
0177
0178
0179
0180

L

44

2]-Jan-1983 12:09:35  UAX-11 FORTAAN V3.5-62 Page 4
19-Jan-1985 21:06:48  FSDQ:[STEVENS.SHIPSTUFF JUPALL,FOR;17

TE3=0.8 (. a
1FLAG3=0
1FLAG220 ’ :
1FLASS=0
1FLAGI0=0
1RLAGL=L
1A 2-0
IFLAGY 30
SGAPP=S1
€PP5.0
Cdi=-1.0
0o IF
S1=SGAPPH GAPP-GAPPHCOS (6. 28324 TE3) )/2.0
§2:552
§32553
KP=KPC
TE3TEHTC
IF (TE3 .GT. 0.5) TE3+0.5
FPLS=1
60 70 65

T R i Ml e A o L @ s

IF (JFLAG12 WEQ. 0) THEN
TE=0.0
1FLAG3=0
1F1867=0
IFLAG9=0
IFLAG10=0
IF (IFLAGYL LEQ. 1) THEN
SGPP3SL
6PPa-3.0
ELSE IF (IFLAGIL .EQ. 0) THN
SGPP=51
6PP=3.0 ;
B IF . ) ‘
1FLAGLE =0 ’ ‘
1F1A51254
1FLAG13=0
=10
LoIF
S1=5EPPH(GPP-GPPACOS(6.28324TE) )/2.0
52=552
§3553 :
XP=KPg ' -
TE=TE$TC '
IF (TE .GT. 0.5) TE=0.5
FPLS=2
60 10 €5

Nty Wt 8 b e <

gy

e ;'"A‘.'_.. -

IF (IFLAGI3 LEQ. 0) THEM . :
TE2:0.0 )
SSGAPES]

SUP=AL-SSGAP
IFLAG3:0.
1RLAGS=
IFLAGI0=0
IRLAGHL =0
IFLAGI2:0
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0229
0230
0231
. 0232
i 0233
0234
0233
0236
0237
: 0233
= 023
e . 0240
. ' - 0241

0242

0243

0244

0245

0246

- = 04?7
o ; 0243
e - 0243
—_— 0250
e 0251
0252

02y

o o
Y ] 0233
0255

o =

A 9258

0259

o

[ —

! { 0261
- 0262
. 0263
o - 0264
‘ i 0263

s 0265
. 0267

- 0263

: 0269

: ! 0270
e ) 02

’ : 0272
& i 0273
o i : 0274
L . 0275
e 0276

’ , 0277
.~ . 0278
L i 0279
628

- : 0281
: ' 0282
- 0283
023¢
0285

46
47

90

2]

’ ‘ .
. <
! ¢
21-Jan-1985 12:03:35
19-Jan-1985 21:06:48
1FLAGY 321
Che-1,8
8o IF

IF (IRAG7 LEQ, 1) GO 1D 46
S1=SSEAPH SSP-SSAHPHOS( 6. 2834TE2)) /2.0
60 T0 47
51551
§2e3A2
$3=0A3
IF (240.5 (LT, S1) THEN
KP=kP3
ELSE IF (240.5 LGE. S1) THON
KP=EPA
DO IF
TE2-TE24TC
IF (TE2 .6T. 8,5) THON
T€2:0.5
1F1AG7=1
0o IF
FPLS=0
G0 10, 65

IF (IFLA510 LEQ. 0) THEN
KP=XPh
FPLS=S
1FLAG2-3
IFLAS7=)
1FLAG9=1
IFLAGO=1
161120
IFLAGI2:0
TFLAGL3=0
(Mi=-3.7
TE4=0.0
GAP=51
BN IF
HLIK=-1.0
IF (TE4 .AT. 0.25) THEN
S1=GAPH(I.TAC05(12.56642TE4)-9.0)/2.0
FPLS=6
ELSE IF (TE4 .GE. 0.25 .AD. TE4 .LT. 1.25) THN
S1=6AP-9.0
FPLS=7
ELSE IF (TE4 .GE. 1.25) TN
S3=6APH(9.04C05()2. 56644(TE4-1))-9.0)/2.0
FPLS=8
8o IF
TE4=TE44TC.

IF ((SS3-2) .GE. 0.0) GO T 130

0o 70 1<t,2,-1
SLS(1=SLS(1-1)
SLV(1)=5L0(1-1)
SLACE) =SLACT-1)

COTINE
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0286
0287
0288
0283
0220
0291
6292
0293
0294
0295
026
0297
0298
0299
030
0301
0302
0303
0304
0365
06
0397
0308
0309
0310
0311
0312
0313
0314
0315
03i6
0317
0318
0313
0320
032
0322
0323
0324
0325
0326
0327
0328
0329
0330
0331
0332
0333
0334
0333
0336
0337
0338
0339
0340
0341
0342

21-Jan-1935 12:09:35
13-Jan-1985 21:06:48

SLS(1)=5L
SL(1)=52
SLA(1)=S3

ftktetit PILOT T.F,F, tasabbiat

AG=dH
AL=Y0
B121/TG
B2=0.0

C1=AY

Cog=-R14C1
£33=-B14(28-B24C2
48=-81#C38-B2(38
C5B=-B14C4B-B2¢L4B
C68=-B14C5B -224(58
C7B=-B1#(68-B24(E8
£88=-B14C78-82:C78

C2As1.0

=-B14C24
CaA=-B14C3A
CSA=-B11CAA-024C4A
CoAs-BIH{SA-B24CSA
Coa=-E1RCEABHCEA
Coas-BIL7A-BAC7A

Y1A=C1HC2BRITACISHITHCABRI T3 CSBRIT4HCERRITS
Y1B=CTBAITGHCESAIT?
Y2h=(23HC3B [ TIHCADRITOCSERI THCEBRITE
Y2B-CTe*1T54CEBITE
Y3A=CIBHC4BRITIHCOSAITRHCERRITS -
Y39=C7B4IT44CEBRITS
Y4A=C4BHCSBRITHCESRIT2HCTBAITIHCEBXITY

YALAC2ARITI4CRAR I T2HCASR I T2 CSAR I TAHCEARITSHOTARITE
YA1B=(EAITT

YAL=YAIAYAIB
YA2:C2ACARITLHCAARIT2HCOAR THCEART TCTARITSHCBARITE
YA3=CIAHCAW I THCSARI T2 CEARITI LA I THHLRARITS
YA4=CAMCSAITIECEARI T2HCTARITIHOBARI TS

C2A=A0

Chs=-BIACA
C4Ar-B14CA
CA=-B14C4A-B24C4A
CeAz-B1ACA-B24CTA
C7A-BlACEA-B2CER
CA=-BIXC7A-B2AL7A

YAALA=C2ARI TIHCIARTT2CAAR I TIHCIARI TA4CEAR I TSHCTARITE
YAALB=CAWIT?

YAALYAAIAHYAAL

YAR2CIMCAR I THCAAR IT2HC AR I THOEAR I TATC 70 I TSHCOARITE
YAA3CHHCAAR I THCIARITHCEARI T CAR I THCBAR]TS
YEAGCOAHT AT TIHCEAR ITHCTAR I THIBARITY
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WP

0343
0344
0343
0346
0347
0348
0349
0350
0332
0352
0353
0354
0335
0335
0357
0338
0333
0360
0381
0362
0363
0364
0365
0356
0367
0363

0369

0370
0371
0372
0373
03
0375
£376
0377
0378
0379
0320
0381
0332
0283
0334

0387

o0 [x]

(2]

[ Nz

L]

c

21-Jaa-1985 12:09:35  \WX-11 FORTRAN V3,5-82

19-Jan-1985 21:06:48  FSDG:(STEVENS.SHIPSTUFFIVPAIC.FOR;1?

Y1sY1A$Y18
Y&=YAN23
YRYNHY28
Y4=Y4AHYA4

DI=(1/TL-1/72)

DELTLAT2)

D3=(KPATL/TG)

H1B=YAH U/ TLIYAL

HtB=(YA3I014YA2-D2AYAL)
HA=(Y24SLS(LIRYAZ)H(1/TU)R(YLHSLS (L) AYAL)

HtA=(Y3HSLS(L)RYA3) 012 (Y24SLS(LIAYAR) -D2A(Y14SLS(L)AYAL)

HePOBs-D2(Y14YAAL)
HUPOA=(Y3HYAA3I DI (YZHTAA2)
HIPOZ=(L/TLYR(YAH(SLS(L)-ZLIL) )AYAL)
HIPOB=-D24(Y14(SLS(L)-ZL(L) JAYAL)
HtPuR=Y2+(SLS(L)-ZL(L)) YA

HEPOA=(YSH(SLS(L) -ZL(L) J4YA3) 0L (Y2H(SLSIL)-ZL(L))£YA2)

HtPO=03%( HtPOAHHTPOB)

YOYLHYPALHRNP
YDO=Y24YPA2

LIM=1.0

IF (HtPQ .EQ. 0.0) HtP0=0.00001
IF (IFLAGY .EQ. 1) GO TC 24
HLIM==({TH-1)%1.5)

IF (HLIM ,GT. -0.05) HLIM=-0.05
HIM=-1.0

IF (HePO LGT. HLIH) GO TO 75
LIM=1L IR0

60 70 €3

IE (BP0 LT, (TH-1)) GO TO &0
LIN=(TH-1)}/HtPD

Httkkkbont A/C T,.F,.F, Hibbntbikt

AAD=((DOTDTH{(TGEE4DAMP)/LIM) I/ELCIRLIMIOBAHIA
AL=TADUVELCHION(1/ELCHIH) $200
PA=TH(1/ELCIDIHZD

M3IZ

BAL=((D/OTOTH((TGEE4DAHP)/LIH) }/ELC) RLIKAD3RHIB
BAZ=Z/ELC

BA3:=D41/ELC

FAOP=LIMADITHIA

BALP=LIMxD34H1B

POUT=AA0PHBALPH(-ZL(L))

TOUT=POUTH '

HTOUT=((FMEAN=1 VIMTOUTHTOUT )/ AN

IF (TOUT .GT. TOUTMAX) TOUTMAX=TOUT

IF (TOUT LT, TCUTMIND TOUTMIN=TOUT

IF (TOUT LLE. 1.20 RO, TOUT .6T. 1.101) THEN
GO TO 85
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0490
0101
0402
0483
0404
0403
0406
0407
0408
0409
0410
041
0412
0413
0414
04135
0416
0417
0418
0418
0420
042t
0422
0423
0424
0423
0426
0427
0428
0429
0430
043t
04
0433
0434
0435
0435
0437
0423
0433
0440
0441
0442
0443
0444
0443
0446
0447
0448
0449
0430
0431
0482
0453
0434
0453
0435

W,
2=

2]

21-0an-1985 12:09:35
19-Jan-1985 21:06:43

IF (TOUT .LE. 1,101 .44, TOUT .GT. 3.001) THEN
60 T0 %
ELSE IF (T0UT .LE, 1.001 .40, TOUT .GT, 0.901) THEN
60 70 95
ELSE IF (TOUT .LE. 0.991 .40, TOUT .GT. 0.800) THEN
070100
DoOIF
63 70 105 )
IF (TOUT .LE. 1.201 ., TOUT .GT. 1.191) THEN
1S()=1S(1)41
ELSE IF (TOUT AE. 1.191 A, TOUT .GT. 1.181) TN
15(2)=1S(2)#1 :
ELSE IF (TOUT .LE. 1.181 .AND. TOUT .67, 1.171) THEN
1S(3)=18(3)41-
ELSE IF (TOUT .LE. 1.170 LA, TOUT .6T. 1.161) THEN
15(4)=1S(4)41
ELSE IF (TOUT .LE. 1.161 .AND. TOUT .GT, 1.151) THEN
15(5)=15(5)41
ELSE IF (TOUT .LE. 1.15) .40, TOUT .GT. 1.141) THN
15¢6)=15(6)41
ELSE IF (TOUT .LE. 1.141 .A'. TOUT .GT. 1.131) THDN
IS(7)=1S()41.
ELSE IF (TOUT LLE. 1,131 .AND. TOUT .GT. 1.121) THEN
1S(B)=IS(D4L -
ELSE IF (TOUT .LE. 1.121 .40, TOUT .GT. 1.111) THDV
15(9)=1S(9)41
ELSE IF (TCUT LLE. 1.111 .AO. TOUT .GT. 1.101} THEN
15(10)=15(10)#1
PO If
60 70 105°
IF (TOUT LLE. 1.101 .AD. TOUT .GT. 1.091) THDV
I1S(1)=IS()4
ELSE IF (TOUT .LE. 1.091 .40, TOUT .GT. 1.081). THEN
15012)=15(12)41
ELSE IF (TOUT .LE. 1.081 .RD. T2UT .GT. 1.071) THEN
1SU3=1501 1
ELSE IF (TOUT .LE. 1,071 .4, TOUT .GT. 1.061) THEM
15(14)=15(14)41
ELSE IF (TOUT ,LE. 1,063 .AD. TOUT .6T. 1.051) THEN
1S(15)=15(15)41 .
ELSE IF (TOUT .LE. 1,050 .AO. TOUT .GT. 1.041) TRIN
I5(16)=18(15) 4
ELSE IF (TOUT LLE. 1.041 .A®. TOUT .6T. 1.031) THIN
1541501741 v
ELSE IF (TOUT .LE. 1.031 .4®. TOUT .GT. 1,021) THEN
15018)=15(12)41
ELSE IF (TOUT .LE., 1.021 .40, TOUT ,6T. 1.011) TRN
1519)=18(13)41
ELSE IF (TOUT .LE. 1.011 .1, TOUT .GT. 1.001) THEN
15(20)=1S(20) 41
080 If
60 70 105
IF (TOUT .LE. 1.001 .A¥D, TOUT .GT. §.991) THEN
15(21)=15(21)+1
ELSE IF (TOUT .LE. 0.991 .AND. TOUT .GT. 0.981) THEN
15(22)315022011 -
ELSE IF (TOUT LE. 0.381 .40. TOUT .GT. 0.971) THEN
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WP

0457
0458
0459
0460
0451
0462
0453
0464
0465
0466
0467
0468
0469
0470
04
0422
G473
0474
0475
0476
047
0473

. 0479

0480
0481
0482
0483
0484
0485
0485
0487
04838
0489
04%
0491
0432
0433
0434
0495
0436
0497
0458
0499

- 0500

0501
0502
0503
0504
0503
0506
03507
0508
03509
0s1e
0511
0512
0513

100

105

2-Jan-1985 12:09:35

WaX-1] FORTRAN V3,5-62

Page

19-Jan-1985 21:06:48  FSDQ:[STEVENS, SHIPSTUFF IVPALC.FCR;17

I1S(23)=1s(23111
ELSE IF (TOUT .LE. 0.971 .AO. TOUT .GT. 0.561) THEN
1S(2)=15(24)41
ELSE IF (TOUT .LE. 0.961 .AND. TOUT .6T. 0.951) THEN.
15(25)=15(25) 41
ELSE IF (TCUT .LE. 0,951 AW, TOUT .GT. 0.34%) THN
15(26)=15(26)41
ELSE If (TOUT .LE. 0,941 .AND. TOUT 6T, 0.931) THEN
1S(20)=15(21)H1 . .
ELSE IF (TOUT .LE. 0.331 LAND. TOUT .GT. 0.921) TN
15(28)=15(26)41
ELSE IF (TOUT .LE. 0.921 .AND. TOUT ,GT. 0.911}) THEM
18(29)=15(29141 .
ELSE IF (TOUT .LE. 0.911 .AND, TOUT .GT, 0.901) THEM
15(30)=15(30)41
o IF
G0 TO 105
IF (T0UT .LE. 0.301 .AD. TOYT .GT. 0.831) THIN
IS(3n=1s(34
ELSE IF (TOUT LLE. 0.891 .A4D. TOUT .GT. 0.881) THEN
15(32)=15(32)41
ELSE IF (TOUT .LE. 0,881 .AD, TOUT .GT. 0.871) THEM
15(33)=15(33) ¢
ELSE IF (TOUT .LE. 0.870 .AD. TOUT 6T, 0.861) THEN
15(34)=15(34)41
ELSE. IF (TOUT .LE. 0.861 .AND. TOUT .GT, 0.851) THN
15(35)=15(35)#1
ELSE IF (TOUT .LE. 0.851 .AND. TOLT .GT. 0.B41) THEN
15(36)=15(36)H1
ELSE IF (TOUT .LE. 0.841 .AND. TOUT .GT. 0.831) THEN
IS(37)=15(3N 11
ELSE IF (TOUT .LE. 0.831 .AND. TCUT .GT. 0.821) THEN
1S(39)=18(33)11
ELSE. IF (TOUT .LE. 0.821 A, TOUT .GT. 0.811) THEN
15(39)=15(39)#1 )
ELSE IF (TOUT .LE. 0,811 .AND. TOUT .GT. 0.801) THEN
15(40)=15(40)41
Bo If

ClA=r43

C2A=pA2-BA3ECIA

A=A -BA2tCIA-PABACA
CoA=PAT-RALRCIN-B 24 02A-BACR
CAz-BALHCA-CAZRCA-BA3C4Q
CEA=-BAIRLIA-BAACAA-EAMCSA
C7A=-BAILAA-PA2ACA-BASCEA
CaA=-BAIACSA-BAZKCEA-5A3ACTN

ZAT=CLATCA ITIACIM I T2HCARITHL AN THEARITS
TA2:CTAR I TEHCRARITY
2B1=CoRHCIAITICARRI THCSAR I THOEARITS
2B2=C7Ax | TSHCOARITE

201 =CI LRI TIHCSARI THCEARI T3
202=C7AITHLEARITS

L3ZA14282
2027814782
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- o514

0315,
0316

Y

0518
0512
0320
052
0522
0523
0524
0525
03526
0327
0328
0529
0330
033
0532
0523
0334
0335
0336

0537

0538
0533
0340
0341
0342
0543
0544
0543
0546
0347
0348
0549
0550
0551
0552
0553

055

0333
0556
0557
0583
0552
9360
0561
0562
0563
0564
0563
0366
0567
0568
0569
0570

21-Ja0-1985 12:09:25  VAX-11 FORTRAN V3.5-62 Page 10

19-Jan-1335 21:06:48

200=70142C2
00 110 11,2, -
1=+
L1 =200 (1-1)
200L€1)=200L¢1-1)
110 CONTIRE.
D4
00(1)=2D .
200L(1)=20D
DAP= (204D, 4S26HOT)
cHTR=SLS(L)-ZLIL)
ERROR=RAN(J)
ERR=0,5-ERROR
cH=dHTRIRND
c Gi=qiTREC, 1RERR
GOTR=(SLV(L)-ZDL(L))
AHD=cHDTR
(4 A0=¢HOTRI,1200R
t ¢DD=(53-KtDD)
COH EN CHANGING TO THE CONTINOUS PRINTQUT HOOE
(04 SUBSTITUTE BLAKS FOR THE OIS AND CHANGE 69
4 QILIME 99 TO'71, AD THE 69 (N LIRE 226 TO 71
G120 IF (t AT WD) GOTOZL
0425 TYPE 139, t,51,2,351,TGEE,POUT HIPO
G138 FORMAT {1X,2(F18.5,X))
O HI3T#6
€135 IF (t (LT, GRPHT) GO YO 71
o M(1T)=551
(23 ACTI=Z
[n] TIMEE(IT)=t
c* 17=1T41
€t . CRPHT=GRPRTAGRPHY
140 12t47C
KHERN=KMEANHL
IF ((S52-2D) .GT. MIVRD} MIVRD=(5S2-ZD)
IF ((t-TC) .CE. TF) GO TO 150
145 G002
150 PRINT®,'TAM =*,TH,” ELC =/,EL,” DA =, DH
PRINT,*T.D, VEL =*,(552-2D}, TIHE = (t-tl})
PRINT#,“HTOUT=* MTOUT, FPLS=* ,FPLS,” RUN NO.:*,I00
PRINT#, 15(21)= ,15(21),” FPLS1= FPLSL
Ct  IF (FLAG4..EQ. G.0) GO TO 160
o TFINSTII430
CCt  TFINSIFIX(t41) -
WRITE (2,15%) TH,T-T11,{552-2D) ,MIVRD,MTOUT, TORTHAX,
1 TOUTHIN
155 FORMAT (1X.202(,15.57,2(2%.F5.13,3(2X,FE.3))
IF (JFLAGS .EQ. 0) 60 TO 173
FLTaI-TH ’
VTD=(552-20)

A
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W

0572
0372
373
0sH
0373
0576
s
03578
0579
0580
038
0582
0583
0384
0388

0387
0583
0583
03%
03551
0332
0593
05%
0593
0536
0387
0338
0599
0600
0608
0602
0603
0604

0605,

0606
0607
0609
£603
0610
0511
0612
0613
0624
3%
0616
0617
({313
0619
0620
feal

160

165

170
173

180
183

190

185

(2]

200

21-Ja-1985 12:09:35  URX-1) FORTRAN V2.3-62 Page 11

19-J20-1985 21:06:43

KN=100
THNO) = ( (-1 ATN(GN-1 HFLT)/ZIN
WHON) =( (R UN(EN-1 VIO RN

IF (0 .EQ. 1) 60 T0 165

{F (Rt .GT. 2) 60 70 160

TSDORN)=( (FLTL-THN 2280) 122 (FLT-TMN(RN)  142)440,3
USOUIH) ={ (VID1-AHN(RE) ) R2H(VTDARI(RH) ) 142)140.
60 10 163 o

TSDA=({TSO(RN-1 )12 H(N-2) HFLT-IN(RH) 112
TSOIN)=(TDV(RN-1))440.5
VSDA( (VSD(RN-1)#42)4 (RIN-2)H(VTD-UN(RN) 1 12)
VSDURN) =(VSOA/ (RN-1))%20.5

TIHA(RAN)=RN
FLIL=AT

BRITE £3,070) KHN, THNCKRN)  TSOOKHNY VENCKIN) VSDC KN

FORAT (1X, 1S,4(2X,F8.4))

CONTINE

IF (IFLAGS .£Q. 0) 60 TO 180

B0
TFIN-FLOAT(K)

1T :

CALL PLOT3(TIMA, TN, TSD W, VS0, BEGL TFIN, 1T, JAY  KAY)
KL00=1 : B
D0 185 1=1195,735,-1

THRTR(KDOR) =FLOAT(1)/1000
XDO0=KDOGH

CONTINUE

1707=0.0

DO 150 121,40

1TGT=1TOTHISD)
CONTING
00 195 1:1,40
SLOT(1)=FLOAT(L5(1))/FLDATCLTT)

CONTINUE

TFINa1.2

TH1:0.8

1124 :

CALL PLOT2(THRIR, SLOT, SLOT, T11,TFIN, T, AY KA, TH, D4, ELC,

7 K80, 15E45)

LALL PLOTI(TIEE, 34,60, TITFIN,IT)

CALL TIME(BUF)

TALL DATE(BFF)

JRITE (2,200) B ,BUFF
FORAT (1X,2(A12))

* RETUN
2o

A72

e -
——t e
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WP

PROGRAY SECTIONS

Nae

0 $C00E

1 $P0ATA
2 $LOCAL

Total Space Allocated

ENTRY POINTS

fAddress: Type Name

00030008 wae

UARIABLES

 Address Type Name

2-000047A8 Red . A
2-0000474C RR4 AL
2-00004853 RH4 AND
2-00004878 Rrd AAOP
2-00004860 R4 FAL

2-00004864 Red AR
2-31004868 Rt4 AA3

200004760 Ra4 ABRTH

2-00004693 R4 ASRTHT
2-00004760 Rx¢ B1

2-00004784 Rtd B2

2-0000486C Red AL
2-0000487C R¥4 BAIP
2-00004870 Red BA2
2-00004874 Rr4 BA3

2-000045C8 R#4 EES
200004600 CHAR BUF
2-00004608 CHAR BUFF
2-00004768 R4 Q1
2-00004808 ka4 CIA
2-000047C4 RM Q2
2-0000470C Red CA

2

2-000047EC RYM4
2-00004760 R4 (34

2-000047C0 R¥4 o)

135 Wax-1l FRRTRRIV3S-R . Page 12

21-Jan-1283 12:03:
8 FSOO:(STWS.SHIPWF)WME.FGR;N

0
19-Jan-1988 2018

3
§

Bytes Attnibutes
5758 PIC (N RAL LQL aR  EXE PO NORT LOWG

168 PIC COREL LOL SR NOEXE  RD NOAT LONG
1916 PIC CON. REL LCL NOSHR NOEXE RO WAT LONG

References

3

Attributes References

2323 3

293s 7

3832 433

39= ksx}

384 438

. 385= [324

., /e A%
" 146

562

2%4= e Pzl x0 301 302 ot 304
307 308 9. e A A2 33 3

3 33 ¥ W

295 30 n 302 3 304 309
30 nm N 2 333 34 375

B/ 4D 5 0 502 503

W/ 3

38 4% 199 580 504 502 53
w40 o8 93 500 01 52 503
593 3%A

15 Qs 618

16 e 618

297 2B e

P ) @ I 55

299

N6 W kre) 325 329 3 W 39
437s 438 499 500 505 507

28 299 M 36

L 1 2 325 226 3= 3 w
M0 34 PV 500 0 505 %7
509

5% n0(2) 34 36 318

A73

e :
PR e .

[P

M d

R Ty S

.

P LT

Tk

e

RPN g

20 d g i




VAP

' 2-000047E4

2-000047C8
2-000047E8

2-000947CC
2-000047EC

2-00004700
2-0000477F0

2-00004704
2-000047¢74

- 200004708
200004728
2-0002455C
200004838
2-0000433¢
200004840

r 2-0000455C

- 2-00004704
~q . 2-00004684
' 2-00004528
e 2-00004630

2-0000468C

R4

R4
R4

R4
R4

Rid
Rt4

Rte
fx4

Ri4

R4
Rk4
Rt4
Rtd
R4

R4
Ri4
R4
(]
R24

Rt4

AP-000000148 R24

2-00004748
2-000048A8
2-000048A4

2-000046C0
2-000046/C

2-00004533-

2-0000477C
2-000046E8

2-000047A0
2-40004788

R4
R4
R4

R4
R
Red
R4

R4

R4
R

AP-0000001C® R24

2-00004660
2-00004799

2-00004704
2-00004848
2-00004834
5 . 2-00004854
2-00004850

Rt4
R4

RH
R4
R4
Re4
R4

C4A

€48
A

A -

€A

B
cea

ces

€KPB
CINH
D)
D2
03

OHD
DHDD
CHOTR

DHTR
ELC

ERR
ERRGR

FLA62
ar
i
s

St ™

308
340

300
3092
340
509
Ni=
310=
340

2=
311
348

303
312=
503
304=

166
§7=
3492
350s
3=

383
%=
472
L]
S02

492

6124
12%
3282
527=

672
368=
s
169=
359

782

2642
181=

201=

266s
3%4=
352¢
362=
360=

. ———— e -

. ,- S P .
e A I
2-030-1925 12:09:35  VAX-11 FCRTRAN V3.5-62 Page 13
19-J31-1988 21:06:48  FS00:(STEVENS. SHIPSTUCFJVPRIC.FOR;17
WD W RS W6 M= 1¥AD W
M @ N S S22 NS s
WA M ne N8
A w2 3 W W= BPAD W
™ @0 S0 . s2 S93 S5 S
WA, W u6 NS
a2 W ®S W6 W= 1D W
3 s s2 U3 $S s7 09
WD A A6 N8
NAD W@ RS W B 1) W
1 S22 503 6 S8 S0
W NS M2 9
2 RS w6 W= ;@@ M W
s05 %8 S0
A A2 39
W 1S 1822 203 2= 22
%2 I A T
W
2 s
1=
s: m
95e 6 59
¥ B2 B W ® @ 5%
135
52
2 o s W
587s .
190s a7 23« 2= 9= 22a e
 se
% o n
184(2)
5=
526
W A1)
k7 SR ) s
W M
387 332
I D A
362
A74
T EL I S . . “

-

P U

. L,
R, S Y

o ok mane o

Pt OV T e POV S R a7 ATy

252

TR

T AT e

A

s
RS

-t A
». RIEOR-AA L

RED IR W)

PR T

i

B




~e

2-0000484C
2-00004728

2-00004674
2-000046D4
2-00004608

2-0000460C
2-000046E0
2-000086C4
2-00004663
2-000046C8

2-00Ce46CC
2-0000405
2-06004670
AP-00030004¢
2-00004714

2-00004614
2-00004633-
2-0000463C
2-00204640
2-00004644
2-00034518
2-0000461C
2-00004520
2-00004624
2-00004628
2-0090462C
2-00004830
2-00004634

2-00004804
2-00004724

R4
111}

It
1x4
14

124
x4
134
L18
it4

14
14
14
144
x4

Re4
R4
R4
R4
R4

Rty

Re4

[31]

R4

Rt4

R4
Re4
RA4
Ix4
I

AP-000000330 [#4
AP-0000060Ce 144
AP-00200058¢ 14

2-0000466
2-00004800

2-0004718
2-00004654

[§1]
£}

144
Ix¢

HTPOB

100
IAGLY
1FLAGH)

1FLAGI2
1F1A313
IFLAG3
TFLAGS
IFLAGT

IFLAGS
IFLAGS
INT
ISEAS
7

m

Ins
It
Im2
13

112

13

T4
s
ITe

11?7
[3¢:]
113
Imor
J

JAY
JRN
K
KAY
KDCO

KHEAR
N

AP-00000020¢ Rr4 KP

358
106«
114

5162

70
Ns=
292

100=

12
kx4
12
12
13
13

12
337
12
kx4
12
kxig
12
337
12
506

12

12

12
602
105=

owae

3972

101=
s
382(2)

21-Jan-1285 12:09:33
19-Jan-1223 21:06:43

362

107 108
116 12
S17(2)  S182)
607(2)

553 sn
142 154=
155+ 17
136+ 1782
157= 179>
143 151=
S67 53
152= 14:
1204 1342
153 175=

3t A

19 -7 6
595 586A

87 314
kil kL)

88 34
340 kD)

83= 34
340 4

50z 34
340 341

91= 3
340 K}

9= 313
08

933 s

44
€04(2)= €07
Se7a
S36A 6128

L]

28 33
5964 6127
599 ©608(2)=
395(2)  353(2)+
S72(4)  S734)
583(3)  584(2)

12 a

A75

109
18
4D

176=
177=

193

|8

1732
1562

197«

611=

316
305

316
303
316
S05
35
505
k7
x$%

=

ot

S

566(2)
2

WAX-11 FORTRAN V3.3-62 Paye 14
FSDO:{ STEVENS, SHIFSTUFF JUPALC.FCR;17

moow w2 3
B BAD 032 284D
S8 S99 §03= 604

198= 2262 252 259
193 202 206 2nr

207 223« 269=
a0 29+ 261=
1352 2= 8352

233 247 2563

S 2% FeYed 37

6127

38 R 35 26
307 S99 ' :

318 kred 325 26

507 S8
318 322 kr+] 326
S07 3
319 32 325 i3
S0?7 510
L) kr7g 325 k*: 3
08 S18

S76 ST R 38U
$83(5)
2 a3 1652 166+

B b A o e AR et

Y L




2-00004634
2-00004658

2-0000463C

33
R4

Red

AP-000000100 124

2-00004648
200004650
2-0000464C

2-00004830
2-00004754
2-00004758
2-0000475C
2-000046F0

' 2-000046F4
2-000046F8
2-0698472¢
2-0000473)
2-02004734

2-00004784
2-00004774
2-0000476C
2-0000473C
2-00004760

2-00004740

2-00004764
2-00004744
2-0000475C
200004793

2-00004733
2-00004678

2-000046FC
2-00004684
2-00004700

2-00034650

2-000046E4
2-00004770
20000474
2-000047¢e¢

2-00004768
2-00C01694
2-009043CC
2-00004¢8C

R4
R4
R24

Rx4
Re4
R4
R4
R4

Rt4
R4
Rt4
Ra4
R4

R&4
Rt4
R4

(1]
R4

RE4
R44
R4
Red

f44
ke

Re4
R4
Rt4

Rtd

Rid
4
ja4
[ad]

Ktd
Ri4
ard
34}

"3 3%

$2
S3
sl

@2

SGAPP

S5t
5512

§S270
$52

S
SSGAP

n
T2
T4

1
i€
13
TE2
TE3
TE4

TFIN
16

1872
14
1

14
3
$32(2)
13
13
13

393=
1304
1304

1304

802
bres
274=

81
822
1264
1284
1284

180=
1582
200=
123
1402

129
$34(2)
141=
12%
223=
2222

128
432

558
85=
63=
g6

46=

3%
77
1302
21
172=

142
53
§34=

21-Jan-19835 12:09:35
13-Jan-15835 21:06:48

4= 2402
A= 166
Fzsd 165
23 187

8 3[4(2)

368+ 375

104= S34(2)2

393(2)r 559

334

1364

136 354

13

138 162s

234= 2362

286

1632 185+

164= 186s

1344 23

134 237

1344 233

184

162(2)

203= a1

13 14

14 145

135 141

358 564

134 164

234(2)

223 234

134
45 1204

564 S68
8% 23
87 882}

1304 136

533

194= ai

162 167(2)=

2N 244(2)=

184 188(2)=

2632 267

535

5368 €09=

P 351

A76

242
242
A4
3%8(2)
378

564
64

180
233

2=
3=

162(3)
147

143
363

186

12%
349

83
167
215(2)=
168(2)=
2435
189(2)=
268°

6128

WAX-11 FORTRAN V3.5-£2 q
FSCO:[STEVENS., SHIPSTUFF JUPALC.FCR:17

53=
233
240

360(2)

383(2)

184=
4

237=
38=

273

144

a3

134

33
90

188

26(2)=

246=

270{2)

k-1

6124

393 316

ki) B

200 203

264 2683

287

288

163 185

137 352(2)=
9 92

243 244

bag) 274

Page 1S

526t2)

1=
=

A2

§35

93
a?

277(2)=

- ’2).’""‘
Y e
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P

&
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e D R A

e

e
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\

VAgHP-

2-0000474C
2-0000467C

2-00004683
2-00004884

2-0000471C
2-00094720

2-000042C0

Re4

R4

RE4
Rx4

R4
RE4

Rr4

AP-000000168 R4

2-000045C4
2-00004830
2-00004e8C

- 2-00004750
2-000046AC
2-00504680
2-000047F8
2-0000477C

2-00004644

e 2-00604300
: . 2-00004204
2-00004648

~ 2-00004508

2-0000420C
2-00004818
2-00C04810
2-00004814
2-0000481C

2-00004820
— 2-0000482C
2-00004824
2-00004828
2-00004830

: 2-00004834
, 2-00004680
2-00004708

2-0000488C
2-00004839

. ’ 2-00004894
2-00004633
2-0000483C
2-0000480
2-0000470C

R%4
R4
R&d

Re4
Rt4
R%4
RE4
R4

Rtq
R4
R4
R4
R4

Rt4
Req
Rk4
Rt4
R%4

Rt4
Re4
R4
Rt4
Rt4

P4
R*4
Red
R4
Rt4
Red

Rt4
Rt4

TGEE

T

Tour

TOUTHAX
TOUTMIN

1504

L2000

Y0
1
YiA
Yi8

Y2
Y2A
Y8
YR
Y
YALA
YAIB
YA3
YAIA
YAALB
RV

YAA3

1308

432

568"

5%

3%4a
432(2)
448(2)
466(2}
484(2).

102«

" 103=

581z

563
S8

1308
61z
982

314=

3435=

$3=
316=
317
€0=
3182

319=
324=
2=

325=

326
339=
337=
3382
340+

3=
622
97
386
505
306=

5072
3082
S03=
310=

558

21-Jan-1335 12:09:35
19-Jan-1985 21:06:48

136 -

33

T 6l0=

349

335
434(2)
452(2)
468(2)
486(2)
3%(2)=
397(2)=

362
n
364
bl

136
29
344=
344
34

345
345
us
3462
346

346
324

324
352

354

A77

383

1284
€12A
330
336¢2)
436(2)
434(2)
470(2)
488(2)
64
34

378

78

3643
354

334

145
sa

384
569

387
1294

ka3
397(2)
433(2)
%6(2)
474(2)

. 433(2)

7

358

380

WAX-11 FCRTRAN V3.5-62

134

352

400(2)
440(2)
438(2)
476(2)
492(2)

6124

241

313=

134

1

432(2)

442(2)
460(2) ..

478(2)

279

S22

58

358

404(2)
444(2)
462(2)
480(2)

384

524

Page 16
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364(2)

430(2)
446(2)
464(2)
482(2)

S54(2}
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————

\-v-—«,. —y

way

A

" 2-00004710 R4
) 2-00004664 RtA
e ' 2-000046EC R4

ARRAYS
Address Type

2-00000C30 Ri4
AP-00000030¢ R4
AP-00000028¢ R%4
2-00001E28 R#4
2-00001060 1%4

. AP-000000348 R24
R AP-0000002C8 Ri4
. 2-00000140 R¥4

o 2-00001800 R#4
2-00000000 R4

2-00000078 R4
L 2-00000460 R4
i 2-00003£30 R4
2-00001400 R4
2-00002E90 R24

2-00003660 R4

2-00001C98 R%4
2-00001EF0 R4

2-00002600 Rx4
AP-00000024€ Rt4
2-00000338  Rt4

i 2-00000200  R*4
- 2-00000208 R4

LABELS

00
i
01T

AC
ATH

is

PHIO
PHIZ
SLA
LT
LS
W

TiHa
TIMEE

TS0

THRTR

000
L

fddress  Label

t* H
* 5
ok 6

Attributes

.
N

.
~

" —

<

HNPORTI

21-Jan-1985 12:03:35
19-Jan-1335 21:06:48

93= 384 Si4=
262 384(2) 35
7%= 383 387

Bytes Dimensions

2000 {500}
40 a0
0 Q0

200 (S0)
200 (3N

9 an .
40 10
e (50
200 (50)
120 (30

200 (30)
2000 (S00)
2008 (500)
2000 (500)
2000 (S00)

2000 (500)

200 (50)
2000 (500)

2000 (500)
4% 10
200 (30)

208 (S0)
200 (50)

References
23 ke

106 10y
116 115

A78

Sa3
338

References
8
3
3
9

’ .
432(2)=
447(2)=
453(2)=
469(2)=
481(2)=
431(2)=

Qﬁlﬂﬁuw

6

7

10

8

10
S96A

10
S36A
3
10
5964
10
%A
3

{3

6

6
512(2)=

WiX-11 FORTRAN V3.5-62
FSDO: (STEVENS SHIPSTUFF JVPAIC.FOR:17

39

117=
7
7
3=
30x
433(2)=
443(2)=
461(2)=
47n()=
483(2)=
433(2)=

?

?
109=
1132
107=

108
586=
1182
Sn(2)=
=

114=
373(2)=

378
7

112

111=

110=
Sa=

§57

1234
1%

431¢2)=
441(2)=
453(2)=
463(2)=
475(2)=
485(2)=
S60

12%
12%
204(2)=
5072
282(2)=
326
283(2)=
336

577(2)

361

599=
578(2)

583
1%
S19(2)=
S18(2)=

338
526

6128

13%4
13%

433(2)=
443(2)2
§53(2)=
463(2)2
477(2)=
487(2)=
€04

13%
13%
288=

612(2)A
286+

287=

581

$82=

6128

584s=
1394
S23=

S22
360

Page 17

435(2)=
445(2)=
457(2)=
452(2)=
§79(2)=
489(2)*
€07

354(2)

SR

569
589

583

R
393

. 20
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, T [ L
; 'J' Ll L - s ,
i/ - Vi N /.'/] 7 e
WP
6-00000300 20 134 556
t® 38 1404
0-0000043¢ 35 W
0-00000480 40 jU 19
000000569 45 T L 145
0-000005D 46 - 23 2364
0-00000SD6 47 235 2374
0-00000622 50 142 147
0-000006F4 65 1n 191
t* by o) 2854
0-00000885 74 n 74
0-000008C3 73 N k]
0-000008E2 €0 376 n
0-00000017 90 401 4303
0-00000E11 95 403 4524
0-00000FC3 109 . 405 24
0-00001002 103 - : 407 451
*t 10 516 s20¢
0-00001229 140 132 552
L2 145 S564
0-00co12s4 150 r2s] 555
1-0000006E 355" 564 664
0-00001491 160 576 5818
0-00001518 163 575 519
1-0000008F 170/ r 589 530%
0-060015€0 178 3 567
0-000015/0 180 592 537%
] 165 598 6014
L 130 €03 €054
L1 195 606 €064
1-0000009E 2007 618 €619
FUNCTIONS #8D SUBROUTIIES REFERDNCED
Type Naae References
FORSDATE_T_DS 616
FORSTIME_T_DS 615
INPUTY 128 134
PUT2 129 135
Rt4  MTH3COS . 162 184
R44  NTHSRANDOM . 43 sa7
PLOT2 612
POT3 536
TURBULENCE 120 136

21-Jan-1985 12:03:35 A~
19-Jan-1283 21:06:48

2528
us

3838

a3

S57¢

3514

41

a79

250

4364

23U

3 7H¢

27%%

268

18 FORTRAN V3,562 page 18
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274
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0001

I

KEY TO REFERENCE FLAGS
= = Valye Modified
$ - Defining Reference
& - A4ctual Arquent, possibly mdified
D -~ Data Initialization.
{n) = Nugber of occurrences on line

dmmmm =4

COHEED QUALIFIERS
FORTRAH /LIS/CRO UPALC.FOR

7 ’ JCHECK= (NOBXXNDS , (VERF LG4 NOLNDERFLOH)

/DEBUG=(NOSYM2OLS, TRACEBACK)
/STANDARD = (NOSTHTAX NOSOURCE_FORH)
/SKEH=(NOPREPROCESSCR NOINCLUDE MAP)

/F17 ANOG_FLOATING /14 /OPTIMIZE /HARNTNGS  /NOD_LINE

COMPILATION STATISTICS

Run- Tioes 26.45 seconds

Elapsed Time: .28 seconcs
- Page Faults: 492

Oynanic Hemory: 333 pages

21-J3n-1985 12:03:35  WAX-11 FOKTRAN V3.5-62 Page 13
19-Jan-1985 21:06:48  FSDO:{STEVINS.SHIPSTUFF JUPALL.FOR:E7

S /CROSS REFERDNCE /NIMACHINE COOE JCONTINATIING =19
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{
B K
| ;
i f
i 1
[l 2
' !
| !
i v
o
! N
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{
i
A
INAG.LIS;a . }
.
4
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o
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10

30

SUEROUTINE INPUTL(S1,52,53,¢, t] [ FLAGS,SX)

KPA=3.0
APB231.0

HNS:1.0
WNS1=0.12 10.14
$1=5.0

§2:0.0

IF {IFLAGS .EQ. 0) CO TO 20

IF (1SFLAST LEQ. 0) TiiAst

ATl

IF (t .GE. A+3.141384N8) 60 T0 50
TAU=T-A

S1=AMPAR (0, SH0, SHCOS(RNSATAU3.14159))
S2=-AHEAKD, SHNSASIN(KISATAL3,14139)
§3a-APrkl, SHANSKAZALOS(HNSATAU3,14139)
ISFLAGE=1

60 10 33

- S1=RYPA

S2=0.0
$3=0.0
60 70 30

B=tl .

IF (t .GE. B#3.14159/NNS1) GO 70 25
TAU=H(T-B)
S1=APATAHPB(0. 5H0. SACOS(HNSIATAU))
§23-FHPBR0, SHHNSTASIN(FNS14TAY)
S3=-APBAD, SHNSI A 2ACOS(HNSIRTAY)
1SFLAGL=0

60 70 30

S1=APA

KR=0

§3=0

15FLAGY=0

RETURN

Bo

2-feb-1985 11:27:41
2-Fed-1965 10:52:12

A82
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INFUTL

PROGRAY SECTIONS
Nae

0 $CCOE
2 $LOCAL

Total Space Allocated

ENTRY POINTS
Address Type

000000000

VARIABLES
Address Type

2-00000018 Ri4
2-00000300 Rt4

2-00000004 Rid
2-00000020 R4

AP-000000188 (24

2-00000010 14

T AP-000000048 Rid

AP-000000088 Ri4
AP-0020000Ce Re4
AP-0000001C8 Rt4

AP-000000108 Ri4
2-0000001C Rt4
AP-000000142 R44
2-00000014 Ri4
2-00000008 Rt4

2-0000000C Re4

LABELS

Nane

INPUTY

T
TAY
T
T
NS

HNS1

Address  Label

0-00000043 10
0-000000AF 20
0-00000116 25
0-00000123 30

2-Feb-1985 11:27:41  GAX-11 FORTRAN V3,5-62

2-Feb-1965 10:52:12 FSDO:{ STEVES, SHIPSTUFF]IN.FOR; 44

Bytes Aftributes

292 PICCNRELLLL SKR EXE RO NORT LOWG
36 PIC CON REL LCL NOSIR NOEXE RD  KAT LOVS

323

References

1

Attributes References

142 15 6

3 17 18 19 2 20 Y
i » a1 2

272 28 2]

1 1

13 2= B B

1 g: 172 = = 2=
1 9 18= + 3= 3=
i 13 %= = 3=

1

1 13 15 16 28 P1)
162 17 /.1 2- 30 a
1 7

135 1

. 15 17 182)  19(2)

7 28 ) M2 R0
Feferences

15 24

1 m

2 35

2 5 £ 25

A83

R
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INPUTL _ 2-Feb-1985 11:27:41  WX-11 FORTRAN V3.5-62 - Page 3 3
2-Feb-1965 10:52:12  FSDO:[STEVENS.SHIPSTUFF]ING.FCR ;44 . i

o

FUNCTIONS AND SUEROUTINES REFERZMCED ' . ';
&

Type Naze- References . '
“Re4 MTHSCOS 17 19 30. 32 j
Rt4 MTHSIN . 18 31 ’ !
E

{ KEY TO REFEREMNCE FLAGS I H

I = =Value Hodified ! H

| & - Defining Reference | : 3

1 A -éActual Argusent, possibly medified |

I D - Data Imtialization | ; {

] (n) - Number of eccurrences ~a line 1 . f

: |

¢ A

;o

COtPND CUALIFIERS ! p
FORTRAN /L1S/CRO. IN4.FOR f

/CHECK=(NOBOUNDS, OVERFL O NGUHDERFLOW)
/DEBUG=(NOSYHROL 5, TRACEBALK)
/STEHOARD=(NOSYNTAX KOSOURLE_FCRM)
/5H04=(ROPREPROCE SSOR HOTHCLUDE M)
fF77 MOG_FLOATING /14 /OPTINIZE /WARNINGS /NGO_LINES /CROSS_REFERENCE ./NOHACRINE COOE /CONTINUATI(NG=13

CRMPILATION STATISTICS

P S P

Run Tize: 2.16 secands
Elapsed Time: 2.84 seconds .
Page Faults: 127 ) :
Dynazic Memory: 117 pages

PR TR

A84
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, Co et s e Y 2-FEB~1985 11:32:46.687 FS00:(STEVENS.SHIPSTUFFIGENS.LISI]  trbhittrristrtstrbbrtttissk '

; Tt 2-FEB-1985 11:32:46.87 FEO0:{STEVNS. SHIPSTUFF JCENSHLLIS; ] thbbbhhhibibiibt bbbtttk
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’ GENSM.LIS;:1L :
i
1
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v
A
N\
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L.
—
/‘. 3
ittt 2-FEB-1985 11:32:46.87 FSDO: [STEVENS, SHIPSTUFFIGENTLLIS;T  attHibtbrtt bttt 2
ot b e 2-FEB-1385 11:32:46.87  FS00:{ STEVENS. SHIPSTUFFIE2NG1,LIS:1 o ke 1
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0001
0002

- 0003

00
0003
0008
0002
oces
0003
0018
oo
0012
(3% ]
0018
03135
0016
00i7
0018
001e
0023
0o
0022
0023
ooe
0023
cols
0027
0028
€023
0033
LK}
0032
0033
(1)
0035
003§
0032
0933
0039
0043
0041
0042
LI
0044
0043
0348
04

o048

0043
[hY
0oy
00N
0033
0o
€033
008
0082

-Feb-12329 11:28:19
10-Dec~1384 12:13:40

SUBBCUTINE INPUT2(51,52, 532,11 JENKE A PRIZLATH,PHID)
DIMENSION KE(10),AZ(10),PHIZ(10),ATR(2D) FHIO(20)

IF (t 6Tt} GO T0 10

€ #HIRANDM PHASE ANGLE GENERATEDHR

™ = SE0O5(0.5)

M = NINT(TM)

XM = FLOAT(M)

M-

S = HOD(XM,2.)

IF(S .60, 0.0) THEN
FLES RN

0o If

H = IFIX(0N

X8 = -2147493643.0 * RT

‘Sxx8/2.
1S = [FIX(S)
XS = FLOAT(IS)

S§=§-XS.
IF (S & 0.0) TN
XB=X8¢1.
Bo If
I8 = IFIX(XB)
H=lB-N
Y = RAN(HY - 0.5
B#6,2532¢f
IN=0.0

C HHASHIP FERE (FT, )ikt

10 HI=AZ(1)COSOREC1IRUPHIZ(I DN
H2AZ(2)1T0SOE(DRHPHITI2)HEN)
HI=AZ(MCOS(HE () AUPHIZ(INHEN)
HA=AZ(A)COSINT(4) RU4PHIZ( 1) 4EN)

. HI=AZ(SMCOSIRE(S) R URHIZ(S)HENY
HE=AZ(G}ECCSINE(E)RUHFHIZ(E) HEN)

€ HHSHIP PITCY (RADHRE
PY=ATH(LCCSIRECL 1411 FHIOLINED
P2-ATH(2)4COS(HE(2) R L4PHID(2)4EN)
PI:ATH(3)2C0S(HEC 33 #1+PHI O(3)4EN)
PA-ATH(ALCS(KECA1RLHPHIG(A) 480
PS=ATH(S)*COS(RESI14FHI0(S1HDN)
PS-ATHI6)tCOS(HE( 614 tPHIO(6)4DN)

€ HHHIAK AT LADING PADH

SIzHIHA NI HANSE RS (160 BXSINCPLIP P HFIPSIPG))
c S12-§}

[ HHSHIP HEAE VELOCITY (FT/S) et

A86

UAX-11 FURTRN V3.5-62 Page 1
F300{ STEVENS SHIPSTUFF} GENSH. FOR ;3
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A87

2Feb-1385 11:28:19  VAX-11 FLRTAAN V3.5-62

10-0ec-1984 17:13:40  FSDO:[STEVENS. SHIPSTUFF] GENSNL FOR; 9

~ \ e
PN
Ut
0858
0359 HDI=AZ(1 )LD ASINCRE (1 )€ t4PHI2E1)4EN)
260 HD23-AZ(2)8E( 2) SIN(HE(2) 1 HPHIZ( 214D
0361 H032AZ(IVHE( 3N ESIN(RE( IV LIPHIZ{ 1 4EN)
0262 BO4=-AZ(4)HRE(A)RSINCHE(4) R 14PHIZ{)4DN)
0363 KOS=-AZ(S)HE( SIRSINGE( ) A UPHIZLSHDN)
cose HD6=-AZ(6)HE(6)4SINCKE (6)2 t4FHIZLS1HDN)
0363
0066 € HHRSHIP PITCH VELOCITY (RAD/S)bHR
({174
0368 PDI z-ATH(1}HRE(1 ) RSIN(NE(1 )R U4PHIOT1)4EN)
coes PD2:-ATH(2) HE(2)4S IN(HE(2) £ t4PHIO()4EN)
0070 PD3x ATH( 3VHHE(3)ASINCHE( )R t4PRIGL3)+EN)
08 PDAATH(4JHE(4) RSINCRE(4) RE4PHIOL 4D
0872 POS=-ATH(S)AHE(S)ESINCHE(S)R 24 PHID( S)EN)
(1)) FD6-ATH(SYHE(B)RSINCHE(G1ATPHI QL 813EN)
0074
0075 - € e+SHIP LANDING PRO HEAVE VELOCITY (FT/S1tnt
036 -
0077 SA=HD] HOZHHDH KA HDSHOE
0078 S2B=160. 8¥SIN(PDI+POPOIEPD4IPOSHFLS)
0329
0039 S2=52A1528
0081 € S8
0092
0083 € HRSHIP HEAVE ACCELERATION (FT/Ske2)0et
8054
285 . .
0086 HDD12-HE (IR 2HAZ(1 ) RCOSCHE (1) £ t4PRIZ(IEEN)
0037 FDD224E(2) 424020 2) #COSIRE(2) # tHPHIZ{ 21 HEN)
0268 HO03=-HE(3) EeRAZ( 3) #COSCRE (3D UHFRIZLIHDN)
0089 KOO AE () R BAT(4)RCOSHE(A) REPRITIN)
0% ROOS=HE (5) #1 20AZ (S 3ACOS(RE(S)RUPRIZ(SIHEN)
0031 HODE=-HE(6) R RAAZ{6) RCOS(HE(E) RUEFRIZ(EHEN)
(374
0033 € SHIP PITCH ACCELERATION PAS/SHR2
0034
0035 12-RE(1) R ATHL ) A00S(HE (1) R UPRICO DY)
0036 POD2=-HE 1 234t RATH( 2)ACOS(KE( ) RUPRTOIIEN)
0097 POD32-4E (3) 42 2ATH(3)RCOS(HE( IV UFRILINDN)
0098 POLA3-LE(4) Rt 2ATH 4) (COSRE (411 LEPRISTAI4EN)
0099 PROS=HE(SI M AATHIS) tLOS(HE( S R PRI
gxa: PODE=HE(6) RHHATH( 6)4TOS(NE(E ) tEPNIS{6)HEN)
10
gxuz € *RaSHIP LADING PO HEME ACCELERATION (FT/SH2)ttt
103
o1ee SIAHODI HH0024 HOD HHOD HODSHHODS
ow: §33=160 . BXSIN(PDDL $PO024 POOSPOOHPIOSHPIDG)
010
0107 $3=534¢538
0109 - € §3s-53
0103
0118 RETUN
o fata]

I AT LT Y
DR - . .
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. = 4.
/ P = el T - £o8-
. -
T2 . -Feb-1365 11:26:19  uax-11 FORTRAN V3,5-62 : Page 3
: 10-Dec-1534 12:13:43  FSO0:{ STEVENS.SHIPSTUFF JGENSH.FCR;9
PROGRAM S™TIONS
Nane Bvtes  Attributes _
0 $C00E ' 1667 PICCINRELLCL SRR EXE  RD NBAT LONG
1 sP0ATA 8 PICONRELLIL SHRNOE RO NIRRT LOG
2 $LOGL : 368 PIC CON REL LCL NOSHR NCEXE RD  MRT LONG
Total Space Allocated 2043
ENTRY POINTS
Address Type Nave References
0-00002000 neuT2 o
WUARIABLES
Address Type Name Attributes References
AP-000090164 R4 EN 1 = 3= k] % ki 38 » -
4 & s 4% Q i} 9 59
& 13} €2 63 64 8 (3] bl
n bed n (3 87 88 8 %0
9 95 % L2 L] ) .08
2-00030028 Rtd K1 35 54
2-000200C RM W2 36s 54
2-0020200 Rae 3 e 54
2-00000038 R¥q B4 38= 54
2-00029038 Red S 39 4
2-0060005C %4 H§ 40 L)
2-00000058 Ri4 1D 53= n
2-0000005C Ri4 D2 €0= bed
2-0003C060 R4~ 13 61s ”
2-00000068 R4 DA £2s ”
2-00023068 Red DS §3x 77
2-0C0806C Re4 106 64x 7
2-000000% RE4 HOOY 86« 104
2-00000094 Red HDD2 . 872 104
2-00020293 Rad HDD3 88= 104
2-000000%C R¥4 1004 8% 104
2-00025080 Red 1005 s 104
2-00063083 R4 MDD 512 104
2-00030027 184 1B 2 28
2-00022018 184 IS Aa b7]
2-0008000¢ 14 M 11 12 18- 8 N
2-00520048 R4 P - [TE 4
2-00050044 Red P2 45+ 54
2-00000148 Red P2 46s 54
2-00885300 Red B e s
A88
T e e e -

; .
'~
IR

Pealem L L. e

B 3

b -

o vaam b e s,

P e o

e M .

RN i ae s sty

.

PRI AL BN O PSR AN

Y

o g

’
A

®

o

B T T T AT LT

b



Brrrracy

R
L '

[

INPUT2

2-00000050
2-00000054
2-00000070
2-00000074

2-00000073
2-0000007¢C
2-00000089
2-00000084
2-000000A8

2-0000004C
2-00000680
2-00000084
2-00000088
2-0000008C

2-0000000€
2-00000016

R4
R4
R4
Riq

R4
R44
Rt4
R4
R4

R4
R#4
R4
Red-
R4

Rt4
Re4

AP-40000004¢ Rxd
AP-000000068 R4

2-00000088

2-0093008C

R4

Ri4

AP-0000000CS 744

2-0900600C0
2-000000C4

21
RE4

AP-000000102 R24

AP-000000142 Ri4

2-000000C0
2-00000014
2-00000008
2-0000601C

2-00000024

ARRAYS

R4
Re4
R4
R&4

R4

Address  Tupe

AP-00000028€¢ R4

AP-000000208 Re4

AP-0000002C8 R24

P3

S8

S8

TI
X8

b
XS

Nae Attributes

ATH

PHID

48=
43
€82
£3=

0=
N2
722
3=
95s

L1
97=
93=
100

13=
14=

7=

104=
105=

61
2

10=
192
122
22z

29

Iz

8
78

105

105
105
105
165
103

19
13

3=
80z

80

60

107=

107
107

LH}

96

2-Feb-1985 11:23:19
10-Dec-1984 17:13:40

0=

46

86
9

13
25(2)=
14

Bytes Dirensions -

40 (10)
€ 1

40 (10)

AB9

2

36
47

8?

a
16(2)=

References

PO TP, SN

WX-11 FORTRAM V3.5-€2

FSDY:[ STEVENS., SHIPSTUFF JGENSH.FOR ;9

283

37
48
(3]

93

18

43
n
97

MELBREN

il

43
3]
83
10

59
0
N

40
60
i
N

46
€3
93
100
7

9
46
69

Page
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INT2

AP-00000024¢ R4 PHIZ

AP-0000001CO R4 KE

LABELS

Address  Label

0-000000CF 10

FUNCTIONS A SUBRCUTINES REFERDNCED

Type

Rtq
Ri4
Ri4

Rrq
Ri4

Naze

FORSSECHDS
HTHSAH0D
HTRSCOS

HTHSRANDTH
MTHSSIN

L))

40 (10)

References

4 33

References

10
14
B
%

2B
g8 2R

2-Feb-1985 11:28:19
10-Dec-1984 17:13: 40

A90

RB=-I2E R

63(2)
63(2)
70)
%0(2)
98(2)

UAX-11 FORTRAN V3.5-62

FS00:{ STEVENS. SHIPSTUFF JGENSH.FCR ;9

97

2
I
62
83

2
k)
LY
61(2)
63(2)
86(2)
12
93(2)

98

33

40

63

83

3

40

48

62(2)

70(2)

87(2)

32
100(2)

)
8
98

63
78

93
3
59
€4
£
%
4%
49
63(2)
@
£8(2)
96€2)

8&=%

by

100
7
60
3
9
k4
LH
53(2)
64(2)
72(2)
83(2)
97(2)

LM

100

R TS

Ry

T e

e

T
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2-Feb-1585 11:28:19  UnX-11 FORTRAN V3,5-€2 Page 6
10-Dec-1984 17:13:40 £500: [ STEVENS. SHIPSTUFF 1GENSY.FCR:3

0001
. : + -4
< ! KEY TO REFERDNCE FLAGS |
4 { = - Value Modified ]
1 & -~ Defining Reference |
§f A - Actual Argunent, possibly medified |
I 0 - Data Initialization {
1 (n) - Nuaber of occurrences on line i
e -+
; :
[
- OO QUALIFIERS i
FORTRN /LIS/CRO GENGM.FOR :
JCHECK= (HOBOUND'S,, OVERFLOH, NOUNDERFLOH} :
/DEBUGE(NOSYRBOLS, TRACESACK) ’ ’
/STNMD*(WWAX.WCE}W) ! .
/W(NG’REPR&ESSGRMINCLUDE.W) _ B
/F77 /NOG_FLOATING /14 JOPTIMIZE  /HARNINGS /NCD_LINES /CROSS_REFERENCE /NIACHINE_CODE ZCONTINUATIONS=13 e
e CCHPILATION STATISTICS Ei_‘z
; 3€
. Run Times 8.42 seconds it
! - Elapsed Time: 9,33 seconds i
/. : Page Faultss 24 ]
4 Dynanic Hemory: 178 pages ‘ Vi
. S
| I ¢
o
N
! LI
i b
! ;
i
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~
e SRS

oy Fht Rt 2-FEB-1985 ll:46:‘26.9_7- F5D0: [ STEVENS. SHIPSTUFF 1TRAND.L1S;1 bttt
')_./ R 2-FEB-1985 11:40:26.97 FS00: [STEVENS. SHIPSTUFFJTRAND.LIS:L it it L]
o Wﬂﬁm 2-FE3-1385 11:40:26.97 F500: [STEVENS. SHIPSTUFFJTRANO.LIS;! -kt kbbb

"

4 TRANG .LIS ;1

RS RV YLD

=

.
B .
RTINS P IR AT

e ML

Ly

WMETD

o ittt rrataritagll
JhHER R R
ﬂwmmmtma

e T 2 21t astacesnsit] 2-FEB-1965 11:40:26.97 rsoo:(srmes.smsmnm\'o.us;l
bk A T 2-FEB-1965 11:40:26.97 FSO0: [ STEVENS.SHIPSTUFF ITRAND.LIS;E
P Lt taadzaaacisiid 2-FEB-1385 11:40:26.97 FSDO:(STE\'{f:S.SHIPSTlEF)Tm&.LIS;l

A92

PR LA AR ALY




0601
0002
0003
0004
000s
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0022
t028
0029
0030
003t
002
0033
0034
0035
0036
0037
0038
0039
0040
004
0042
0043
0044
0043
0046
0047
0048
0049
0050
0051
0052
0083
0054
0055
0056
0057

2-Feb-1935 11:28:91
2-Feb=1985 10:48:1%

£234567830123456789, , .etc, :

10

13

SUBROUTINE TURBULENCE(TEE, TC,VTZ,PRECYC,RNP, RNQ)
WN=7.79
SIG4:0.032

=28 11,8 12,8
S1G¥N=0.0003 10.005 1.0003
HN=0.0 !1.6 12,6
SIgNnG=0.0 124.0 6.6

PRECYC=PRECYCHL
TH = SEQNDS(0.0)
M = NINT(TH)
X = FLOAT(H)
RT = TH - 34
S = HDOM,2.)
IF (S .EQ. 0.0) THN
M=+l
BO IF
H = IFIX(2)
XB 3 -2147483648.0 * RT
S=x8/2.
1S = IFIX(S)
X8 = FLOAT(IS)
§§-X8§
IF (S NE. 0.0) THN
X8=xB+41. .
20 IF
18 = IFIX(XB)
H=I8-H
FLAG=0.0
Y8=0.9
Y=0.0
00 10 I=1,12
YA=RAN(H)
Y=Y+YA
CONTIME ~ .
YB=(Y-6.0)
VTZ0=-HNRTZES1 G4 ( 241224 (1/(TOHD.5) )2 YB
VTZ=(VTZ+TCWTZ0)
TREE=VTZ

¥8=0.0
Y=0.0

D0 15 1:1,12
YASRAN(H)
Y=Y4vA
CoTINE
YB=(Y-6.0)
RHOD= R EROTS| QAR ( 2H) £424(1/(TCH20,5) )1YB
RNO= (RKOFTCHRNOD)
RAP=PNOL0, 066

Y8=0.0
Y=0.0
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a TURBULENCE 2-Feb-1985 11:78:00  WX-11 FORTRAN V3,552 Page 2
: : 2-Fet-1965 10:48:16  FSDO:{ STEVENS. SHIPSTUFF JTRR.FOR: 56
0058 50 20 151,12 - ' ' ' -
: 0059 . YASRAN(H) '
! 0060 Y=YHYA
3 0061 28 CONTIMX :
0062 YB2(Y-6.0) '
. 0063 RNGD=-HINARNGH S GHACR (2 IN) K2R (17 (TCH0,5))4Y8
’ 0064 RNQ=(RHOHTCRANGD)
© 0065 RNQ=RIQX0.066
0066 .
0067
0063 IF (PRECYC .LT. 100) 63705
0069 S0 " PETURN
0070 0o
F
i
PROGRAM SECTIONS . ;
. Y
Nane Bytes Attributes !' .
0 $CODE 47 PICCINRELLLL SHR DXE  RD NORT LONG b
. 1 $FDATA 8 PICCONREL LCL SR NODE  RD MOQT LONG I
; 2 $LOCAL 324 PIC CON REL LCL NOSHR NODXE  RD  #RT LONG : {
- Total Space Allecated 569 g
-~ : ‘
. ENTRY POINTS oA
~ H
Address Type Nase References v H
0-00000000  TURBULENCE 2 Pl
. VARIABLES s
{ S
; hddress Type Name Attritutes References % :
2-0000003C R#4 FLAG N K
! 2-00000048 144 1 4= 462 Sgs ’
‘ 2-00000033 1#4 1B 292 K &
' 2-00000020 1+4 IS 2= 24 :
2-0000001C 144 H 13 14 20s 2 3N 7 SR
AP-000000108 R44 PRECYC F e 68
2-00000053 R¥4 RNO 5t s s3 ,
2-00000054 Rtd4 FNOO Sie 52
AP-00000014€ R#4 BNP 2 53
AP-000000188 Re4 FNQ 2 6 G4(2)e  65(2)=
2-000000SC R%4 RSO0 63= 64
2-00000028 R#4 RT 152 21
2-00000028 Rtd S 16= 17 222 23 25(2): 26
2-00000004 Rt4 SI1GNA ‘= 2
2-0000000C R*4 SIQ¥N s
—
A94




TURBULENCE
2-00000014 R+q4 SIGWQ $=
AP-000000088 R4 TC 2
AP-00000004% RA4 TGEE 2
200000018 Re4 TH §2¢
AP-000C000CE Ra4 yTZ 2
2-00000050 Rt uTZD 292
2-00000000 - Ra4 by ‘3
2-00000008 Red RN [4]
2-00000010 Rt4 HNQ 8
2-0000002C R4 XB 21=
2-00000020 R4 x4 14=
2-00000034 Re4 X§ 242
2-00000044 Rx¢ Y 332
62
2-0000004C Rr4 YA 5=
2-00000040 R+4 YB 3=
€3
LABELS
Address  Label References.
000000028 5 118
(1] 10 A
Tkt 15 46
it 20 58
i 50 33
FUNCTIONS AND SUSROUTINES REFERENCED
Type Naée References
Red FORSSEQDS 12
Ri4 MTHSM0D 16
R4 MTHSRANDOM k]
; KEY TO REFERDNCE FLAGS 1
| = =Value Modified 1
| % -~ Defining Reference |
! A - Actual Arqument, possibly medified |
I D - DataInitaalization |
I (n) - Nusber of occurrences on fine 1
t ~+

T A e e e o

2Feb-1285 11:28:01  Wk-11 FORTRMN U562 Page 3
2-Feb-1965 10:48:16  FS00:(STEVENS. SHIPSTUFF JTREND. FOR;56

62 _

¥« st 52 6 6

ats .

13 15

M 0 4

4 - :

39(2) -

s g2 -

2 2. 29

15 16 182-

= - .

W= 1 “ g@e 5 %= 60(2)e

3% 9= - g 59+ 60 :

3% R S 5= 62s

€

an

4o

613

@ 59
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2-Feb-1985 10:48:18 fSDu:[STEVENS.SHIPSTUFF)TW.FOR:SS -
Cas¥HD MIFIERS
FORTRAN /L1S/CRD TRANO.FOR
/uqscmnosocms.mnm.mmnw : : “
JEBUG=(NOSTHGOLS , TRACEBACK) - ' i
/STRMD#NOW&X.NOSWRCE_FW) . T
/W(WMP&DCESSCR,NOIN&M.W) . . : : . b
/FT7 MOG_FLOATING / 4 /OPTINIZE LRRNINGS /NOO_LINES /CROSS_REFERENCE NOECHINE_CODE JCONTINUATI(NS#13 1
COMPILATION STATISTICS . :

. . 1 -
Run Time: 3,09 seconds . : . : ‘
Elapsed Time: 3.84 seconds : . : f
- Page Faultsi 13 : . . Ty
Dynaaic Hemory: 137 pages ] . !

' SRR
. !
: §
H
; \
{
i
!
1
P
b
t i
1 B
%
i
.
T
b
)
!
A%6
AN

f'"-'-l;u\’ﬂ
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2-FEB-1985 11:54:33.32
2-FEB-1385 11:54:35.32
2-FEB-1985 11:54:35.32

2-FEB-1985 11:54:35,32
2-FEB-1985 11:5¢:35,32
2-FEB-1985 11:54:33.32

-FSDO:[STEVENS, SHIPSTIFFIMPLT2.LIS;1  dtbbhbrtthribtirirstttietit
FS00: [ STEVENS. SHIPSTUFF JHPLT2.LIS;1 el i ]
FS00: [STEVENS.SHIPSTIFFIMPLT2.LIS;1  thrttbrtitrtsbtbbbitttkintt

MPLT=2.L.I1S31

FSDO{STEVENS, SHIPSTLEF JHPLT2,LIS;1  Abbiasirrittht ittt
FSD0:[STEVENS. SHIPSTUSF IMPLTZLLIS; T skttt ek
FSDO:[STEVENS.SHIPSTUFF JHPLT2.LIS;]  #takeittskkettikbcbbbtitans
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-0001

0002

0003
0004
0003
0006
0007
0008
003

0010

o011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0023

0026

0027
0029
0023
6030
0031
0032
0033
0034
0035
0036
0037
0033
0039
0049
041
0042
0043
0044
0045
0045
2047
0048
0043
0059
08s)
60s2
0053
cos4
0055
2055
0057

[

2-Feb-1985 11:48:33,
23-Jan-1985 18:00:55

(23456789012345678%0., . etc.,
SUBRUTINE PLOT2(X,Y R X1,F, 101, JAY, KAY, TH, 24, ELC, P, 1SE)
DIMENSIEH X(101),Y(101),R(1DI)

REAL kP

CHARACTER#9, BUF
CHARACTER+8, BUFF

CHARACTERED LABEL(20)
CHRACTER#] LEL2(48), LEL3(59)
CHAPACTER#48 LAREL2 '
CHARACTERRSS 148613
EQUIVALENCE (LABELZ,L8L2(1))
EQUILALENCE (LeZeL (1), BuF)
EQUILRLENCE (LABEL(10),SPACE)
EQUIVALENCE (LABEL(13),BUFF)
EQUIVRENCE (LAgaL3,L8L3(1))

DATA LABEL2/*GROWP ND. ¢ NO. RINS: SEA

1 STATE: 4
* DATA LABELY/“T/H MaX: D TAUENG:
1 CKP: 4 -

ENCOOE (3,5,L81.2(12))JaY

ENCOCE (3,5,LEL2(29) )KAY

ENCOOE (3,5,L8L2(46)) 1SE
) Fosmar (13)

ENCOOE (4,10,L8L3(18))TH
ENCOOE (4,10,L6L3(230) 24
ENCODE (4;10,L8L3040))ELC
ENCOLE (6,15,LBL3(54) )%

10 FORAT (F4.2)
15 FORWT (F6.4)
CALL TIHE(BUFF)
CALL DWTE(2UF)
seacgs

10=101-
CALL CaseRs .
CALL PAGE (11.,8.5)
. CALLONHE (‘T RaTICS”, 100)
€ CALL DWE (“TIME (SECISY,100)
CALL YWHE ("FERCENT CF TIMs” ,100)
€ CALL YWYE (“HEIGHT (FT)8,100)
CALL RREA2D (9,,5.75)
CALL KEADIN (“T/M RATIO STATISTICSS” 20,1, ,4)
CALL HEADIN (SREF(LABEL),20,0.7,4)
CALL KLADIN (¥REF(LABEL2),48,0,7,4)
CALL HEPOIN (SREF(LAEEL3),59,0.7.4) :
C CALL FEADIN (“TIME HISTORY OF SHIP v A/p HOTIZN’ 135,1.,1)
CALL THKFRY (0.91)
£ CALL G (X1,2.,9,-10.,5.,20,)
C FOLLOMING GRAPH CALL 1S FCR vPaC.For
CALL GOAF (X1,.02,%F,0.,.1,0.4)
CALL GRID (1,1)
CALL MORKER(16)
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2-Feb-1285 11:48:33
29-Jan-1995 18:09:55

UAX-11 FORTRAN. V3.5-62 Page
FE00:{ STEVENS, SHIPSTUFF JMPLT2.FOR ;43

Total Space Allocated

ENTRY POINTS
Acdress Type Nave

0-00000009 PLOT2

© UARIABLES
Address - Type Name

2-00000038 CHAR BUF

2-05000047  CHAR BUFF
AP-G000002C8 RR4 ELC
2-00200080 124 1D
AP-40000018¢ 124 10y

AP-D30000340 144 ISE
AP-C000001CE 144 JAY
© AP-000000208 144 KAY
AP-000030308 RE4 KP
2-0000004F CHAR LABEL2

2-00000000 CHAR LABEL3
2-00300044 R¥4 SPACE
AF-00000024¢ Re4 TH
AP-08000014¢ RE4 XF
AP-00000010€ Re4 X!

AP-00000020¢ RR4 W

Bytes Attributes

S48 PICCONRELLCL SHR EXE RO MNORT LONG
141 - PIC CON REL LCL  SHR NOEXE  RD NORT LONG
528 PIC CON REL LCL NOSHR NOEXE RD  HRT LONG

- “
1 -
A )
— N
PLOT2
2058 CALL CURVE (X,Y,10,1)
0059 -C  CALL MARKER(6)
0060 - € - CALL CURVE (X,R,1D,10)
0061 CALL ENOPL(D)
0062 CALL DONEPL
0063 PRINT#,“1D1=* ,10]
0064 RETURN
0065 20
PROGRAY SECTIONS
rne
0 sCeot
1 sPaTa
2 $L0CAL

1217

References

‘2

Attributes References

cQuv 5 12 3A
w6 M )
2 23
¥ S
2 3(3) 33 €3
2 24
2 2
2 2
2 4 i)
EQUIV 9 1 180 4%
EQUIV 10 15 200 XA
EQuIvV 13 6=
2 27
2 SR
2 S
PR
A99
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a2 ' 2Feb-1985 11:48:33  W-11 FORTAAY V3,362 Poge
: 2%-Jan-1563 18:03:33 F500: [ STRVOGS, SHIPSTUFF }PLT2 FR:43
2534
Adrnss Iype Nie Attritvtes Drtes Dicensieas Referraces -
2-00s0h038 Ot LASEL tun 2 () ? 12 13 1" LY
4HING G4 B2 f(un 4 () ] 1 2 a i
26530809 Owma L) ey $9 (39) 8 13 a e} 2
B )
AP200LE8CO B2 R " (1) 2 3
et e X tt (¢) 2 3 0
AP0ERE0380 Red Y - " (1) 2 3 T
LAZELS
faress  Ladel References.
1-05000082. 9 2 23 2 %
1-00800633 107 b2 e ] bs ] )
16503603 1y K} ke
FILTICNS 40 SKRIUTIES REFERDLED
Trpe Nee Refercaces
AREA2D 4%
COPRS Q
ast 8
193328
o (4]
FORDATE T 0S 33
FORTINE T 08 KL}
GRAF 33
[~ 4] 38
HEADIN [}4 [ L} b}
HAKER 5?2
PACE [}
THIFRH ) -8
e Q
- nae “
I KEY 10 MEFENDKE FLASS '
I = =-Vaverecified i
I & - Defiaing Reference 1
I A = Actull Argument, possibly radified |
I 0 -Ditalmuaization 1
1 (r) = huster of sccurrences os line 1
A100
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( CMom 2-Fen-1593 11:48:58  \RX-11 FORTRAN V3.5-62 Fage 4
: 29-Jan-1353 18100253 FSCO:{ STEVENS. SHIPSTLFF MPLI2.FOR: 43

COtVO QALIFIERS
FORTRAN /LIS/CRO MRLTR.FOR

JOHECK2(NYOUNDS , OVERFLOY NGLHDERFLGY)

/DEBUGS (NOSYHSAL S, TRACEBACK)

/STANORRD=(NCSYNTAX NCSOURCE_FLPM)

3 (NGPREPROCESSOR MO HCLLOE 1P)

F77 NOG_FLOATING /14 /CPTIMIZE ARGNINGS /OO _LIMES /CROSS_REFERENCE /NGCHINE_COOE  /CONTIMUATIONS219

COPILATION STATISTICS

Run Tise: 2.67 secends
Elaosea Tiees 3.43 seconds
¢ Page Faults: 145
} Dvazvic Femory: 125 pages
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ittt ettt ttrrti et eiety
L tiaaaadiaaaragiagalite ey
Strtrretrrtrtrerittecktthet
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2-FEB-1985 13:52:08.68  FSUO:(STEVENS.SHIPSTUEFIPLOIIIS]L  erorrervrreroxresrrrerereserey
2-FE8-1533 11:52:08.E8  FSOU:{STEVNS.SHIPSTUFFIRLOTILLIS:E srtteresrrcetritiremiterertett
2-FEB-1289 11:52:08.63  FSDO:{STOVINS.SHIPSTUFFIPLOTI.LIS;E  srrerretrtrstrttenittnteriest

PLOT3.LIS31

2-FER-1985 11:32:08.08  FSOA:(STOVENS.SHIPSTIFFIALGILISIY tetrrrrrtrtreitittitti bt
2-FEB-1965 11:92:08.63  FSO0:{ STEVENS.SHIPSTUFFIPLOTI.LIS:E Bttt vy
2-FE3-1285 11:52:08.88  FS00:{STOVES.SHIPSTUFFIPLOTI.LIS:T tetttristrtiaititrtttstin
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001
0002
0003
0004
0008
2006
: 007
{ o8
06009
0010
. 0011
1 0012
o 0013

0014

0015

0018
. 0017
018
0019
0020
- [+
A 0022
0023
00z
0025
002
0327
2028
0029

N\

-y

2-Feb-~1965 11:48:23

3-Jen-1228 15:22:46

€234557850123456784.. . .ete.

SUBROUTINE FLOTI(X,Y R, S, U, X1 0F ,10])
DIMDNSION SCID1),UC101) X(101),Y(101} ,R(1DD)

10101

(AL COT1s

(AL FPEE (11.,0.5)

CALL XHHE (“NUTER OF RUNSS’,100)
CALL YNRE ("HRGdTLOES” ,100)
(AL AEAD (9.,5.79)

CALL HERDIN ("STATISTICAL TRENDS [N V.A.S, SIMRATIONSS ,40,1.,1)
CALL THEFRN (0.01)

CALL 6R¢F (X1,25.,%F,-8.5,.2,0.3)
AL &RAF (XI,25..F,0.,5.,25.)
CALL BRID (1,1)

CALL PARKER(18)

CALL QURVE (X,Y,]0,1C9)

CALL MARKER(17)

CALL CLRVE (X,R,1D,100)

CALL MARRER(15)

CALL (LRE (X.5,10,125)

CALL MARKER(16)

CALL CURVE (X,U,10,125)

AL BO7L(0)

CALL OCNERL

FRINT®, 1018, [D1

CLOSE(3)

PETU2N

222}
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-
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MOT3

- FRCGRAN SECTIONS

Hame

0 $C00L
1 sPeATA
2 AL

Total Space Allocated

ENTRY POINTS.
Address Trpe

0-60000000

VARIARLES
hddress Type
2-00000000 [24
AP-00000020¢ 144
APO000C01Ce o4
AP-0000L0168 R4
APRAYS
Adress Type
AP-GO000DOCE Red
£P-000000108 R4
AP-000020140 R4
AP-00000004¢ 814

AP-000000088 Rr¢

10
]

xi

> < w» e

Bytes

16
(1

379

2-Feb-1565 11:48:25
31385 13:22:46

Attribvtes

PICCOV REL LOL S BXE

WX-11 FORTRAN V3,3-62

R0 NORT LG

PIC CON REL LCL SR MOOE  RD MOAT LOWG
PIC CON REL LCL NOSHR KXEXE RD  IRT LBW

References

Attridytes References

FUNCTIONS AND SUBROUTINES REFERENCED

Type Name

AREAD
CaeRs
CLRVE
DONEPL
norL

FORSCLOSE
GAF
GRID
HEADIN
HRKER

Se 174 19 QA 23

2 A% 3 26

2 14

2 144

Attributes . Bytes Disensions References
"o (b) 2 3 1%
i (1) 2 3 21A
" (1) 2 3 2N
(%) 2 3 174 o,
231
it (&) 2 3 174
References

10

6

1?7 13 A 23

23

24

2?

1"

13

11

16 18 20 2
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-( ' PLOT3 . . Fed-1393 11:48:23  WAX-11 FOXTRAN V3.5-62

THFRH 12

KEY TO REFERDXE FLAGS
s = Valee Madified
¢ - Defining Reference
A = Actval Arqument, possibly eedified
D - Data Inttialization
(n) = Mumber of occurrences on line

- ——— . —— -
B L e ! ¥

COtHD CUALIFIERS
L“ FORTRAY /LIS/CRO PLOT3.FOR

JOVECK=(NOSOBTS , OVERFLCH, MOUNDERFLOW)
FDEBUG= (NOSYRELS, TRACEBALR)
! JSTHDRRD= (NOSYNTAX MOSOURCE_FORM)
: 7SS (NOPREPROCESSCR  NOINCLUSE M)
L IF77 AG6_ALOATING. /14 /OPTIMIZE AUSNINGS /NOD_LINES /CROSS_REFERENCE /NGHACHINE_CODE /CONTINATIONS<19

f d COPILATION STATISTICS

Run Tice: 1,83 seconds
- Elapsed Time: 2.58 seconcs
i Page Faclis: 128
Oynanic Hezory: 124 pages

-
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A. TEST VARIABLES

The following table gives a listing of the variables used in

the test matrix.

Table Bl: Fixed-Base Simulation Computer Variables

and Related Variables and Values

LIST OF VARIABLES USED IN FIXID-BASEZ SIMULATION
ALY, 4
Sea State 0,4, 6
"UD 1,3
™ 1.1, 1.07, 1.08, 1,03, 1.0t
Damping 0.0, -0.2, -0.4 sec”?
tagine Lag 0.3, 0.7 sec
Iy 2LLATED ITENS CORFOTPR VARIASLE
!n!tnu Lag
Ten (sec) TAUENG {sec)
0.3 0.3
0.7 0.7
Vertical
Valoctty
Casping
AJC CAIN o CHDOT
z, tsec=t)l t (sec) (fe/sec?)/®rra PLA/(ft/sec)
0.0 - = 0,45 0.0
-0.2 3.0 ® 0.43 0.4)
0.4 2.8 = 0.45 0.87
TARUST/WEICHT
™ warr" (1b)
$.5.0 5.8.4-6
T 1.00 16374 18739
t.o1 18726 18554
1,03 18422 18193
1.0% 180711 17847
1.07 11733 17513
1.10 17249 17036
® Different wveights are used, due to the changing meaz vind as
a function of sea state, {n order to eliainate the effects of
the aerodynasic forcae.
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The mean aerodynamic force for a given sea state was determined

by:
WAIT '
FAZN = 7 = FOS , (B1)
where: FAZN - Mean aerodynamic force

WAIT - Alrcraft weight
HKTW - Scale factor
FGS Gross thrust

The following table shows the valueg used for the above variables

as a function of sea state.

Table B2: VvVariable Values Used in Correcting
for the Mean Aerodynamic Forces

TRIM FOR T/W = 1.0
Sea State RKTW WAIT FGS FAZN
0.99046 " 17036 17530.3 ~330.25 ;
4 0.93046 17036 17363.3 ~163,23
5 0.98734 17249 17509.7 - 39.48

B. HUD DYNAMICS

The following equations describe the hover point dynamics used

in the HUD system:

) - K (. X +

e = (S-fo) K ( wel h

x pos xposition

* Vx) * K6610ng stick] (82)

(Expressions for ey are similar to those for ex.)

where:
s.f. = Scale factor K6 = 1.0
Kpos = 1°/17 £t X = True X position
B3
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Kyer = 0.29°/(ft/sec) . Vy = True longitudinal .
' . velocity
" T = 1.1 sec _ (B3)
2T X+ X ' a -9 1,50
= s+ X = (1,5 + 1)
(B4)
Where:
X = True longitudinal acceleration
X = Estimated true acceleration

¥y = Estimate of high frequency acceleration

Figure B?1 shows a graphical definition of the error e, and ey.

L

Figure B1:  HuD Hover Point Dynamics

C. DATA OUTPUT OF THE PILOTED SIMULATION

Figure B2 is an example of the Output data from the fixed-base

simulation. Information used includes the following:

. Page 1 - All of the title information
Page 2 - Start and stop times, and T/W information
Page 3 - Maximum gear z velocity, and the position
: error when the side task (attitude command
system) was being flown.

B4



NOTE:

Since the simulation was primarily concerned with the vertical
axisg, the highest main gear, designated N (nose) or T (tail), 2z

velocity was used, and the outrigger readings were ignored.

D. PILOTS

Pilot A - Vernon K. Merrick

Pilot B - Glenn G. Ferris

B5
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| AR MRS R fosey wrmna = | s s | uboa b pE e 770 e ol B

CVSONG 15:47 JAN 23.°65 RUN <7 PILOT: V. MERRICK
HAR AVPA DATA PRIUTOUT

FINAL PRINTDUT® HOVER APPROACH -  VFR TEST
SHIP HOTION O, HSTATE = |, LOADING = CLEAM , LEIGHT =« 17513.0LBS
WAKE TURBULENCE ON , EACKGROU:ND TUFE « .00 FT-SEC
1CSYS = 6 ISUBSYS = 2 TLCARSE = S lavee = ©

Figure B2: Example Data Output from the Piloted Simulation
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PHASE 111°* VERTICAL DESCENT

TIME:  START AT .ee EHD AT 28.41 DURATION OF  28.48 SECS .
ALTITULE AIRSPEED ALTITULE RIFSPUED

DESCRIPTION ~ UNITS MEAN STD DEV MK Hax (FTY BN (FS) NI (FTY MR (F 50 1y
HORZ VEL F’S  ~.7795E-83 - .3918E-81 =-.1604E €@ .1€16E @¢  .5714E P2  .443SE €2  .4174E 02 .eémiwe (1
VERT VEL . Fs3 - ISD4E @1 L1062 1 ~.2493E @1  .115€E @1  ,S998E €2  .3164E €2 - .SOSIE 82  .S5O10E 0%
X PILOT ACCEL. G J1129E 0@ .BI18E-02  .5923€-B1 1404 P2  .57S9E P2 LS5253E @2 .S7IE 02
Y PILOT ACCEL. G LI564E-02  ,227EE-01 -,S9B3E-81  LETESE-1  .dS20E 02  L554SE €2 ,430ZE 02
Z PILOT ACCEL. & -.9910E €2  .4349E-01 =-.1121E @1 =.7716E 0@ ,5024E €2 .5347E 02  J009E 02
PC DEFLECTIOH % .2271E 22 .3267C 61 L1165E £2  L3462E 2 .S976E €2  .3B7E L2 LI0ME €2 ’
RC DEFLECTION % JAS50E €@ L1254E 02 ~-.4579E €2 ,S5191E €2  .428BE 82 ,S027E 02 ,J491E Q2
YC DEFLECTION %, J18E5E @1 L126SE 02 ~.3B8BE @2  .373€E ©2  .5S4%E €2  ,3332E 02 .S141C 02
PC AERD R‘2  .519SE-f1 .2018E-01 .1S02E-B1 .1916E @€ .4920E 02 .3826E 02 ° ,57SOE 02
RC AERD R7S2  ~.2031E-@4 L 179CE-D1 ~.8363E-P1  .LESIE-P1  .S774E €2 L7IIME €2 44818 02
YC RERD R-52  =.359TE-€3  ,194%€-02 ~.5397E-P2 L IGFIE-P1  .S12SE 02 LJ4286E @2 (5USIE 02
PC ENGINE R/S2  -.1038E 02 .3S03E-01 =<.2171E €@ .S191E-C1  .J9043E €2  .4220E 02 .S9594E 02
RC ENGIHE R’S2  .43Z0E-02  ,2571E 00 -.7964E €@ .BCISE @@ LJ27JE 2 .IIO0E 02 LIITEE 2
YC ENGINE R7SZ - ~.7042E-02  .4633E-61 ~.1639E 8@  .1TSOE ©F  .SIJCE 02 ,J220E 02 .SS34C ©2
TOT ENGINE BLEED LBr/S  .3948E @1  .183JE 01  .705SE €@  .1214E 02  .S042E 02 ,2557E €2 .SI4IF 02
RPM PCT <100ZE €3 ,1180E 01  .31S7E @2  .1B2SE €3  .3994E #2  ,44TEE 02 LJA035E 0 LJ9O05E €2
T .9334E P2 .3284E-01  .73S6E €0  .ICJSE €1 LIIDIE €2 L4PEE 02 L4D3IZE 02 LSITE 02
NOZZLE ANGLE DEG .7E87E €2  ,357BE 00 .773SE @2  .PEO2E €2  .ST14E €2 L 4435E€ @2 L4174E 02 .E017E o2
THETA DEG .6SO0E @1  ,3220E-01  .5426E @1  .€E10E 01  ,4uS3E €2  .4123E £2 L4044 02 .2303F o2
PH1 DEG  -.946BE-®1  .68BSE G0 ~.1624E @1  .1BEJE €1  .4431E €2  .S700E ©2  .4797E 02 .42€2T €2

' FLAP DEFL DEG ° .500GE B2  .SB4DE-D6  .SOBOE @2  .SCOOE €2  .8250E €2 .4330E @2  .B2SBE 02  .J330E 02
T .60 .18 .34 .43 .60 .7 78 S
TIME ABOVE T SEC .2835E 82  .2635E D2  .283SE P2  .203SE @2  .2835E €2  ,283ISE €2  .2822E 02  .280%E 2
T .68 .90 .92 .94 .96 I .92 a3
TIME ABOVE T4 SEC L2790E 02 .27BSE 02 L27PGE 02 (IP49E @2 (2SS2E 02 L203%E 02 L J440E 02 L 8E%iE 0
T 1.60 1.01 1.02 1.03 1.04 1.0 - 1.03 1.
TIME ABOVE TA¢  SEC L6400E 21 .4864E B1  .3284E ©1  ,2112E @}  .7E80E ¢  .OODOE CC -.0000E 00  .OQOUIE v
RELATIVE DESCENT RATE
-TO DECK F.s L5328 €1 L6356E O1 -.91BIE P2 .1193E €2 ,B250E 02  .4G18E €2 LB27SE 02 L ISJ%E (2
70 SEA LEVEL F.§ L1504E @1 ,1062E @1 ~.11S6E P! .3493E €1  .5063E @2 .SOI0E @2  ,S995E 02  .3IEdE 2
LATER USED =  .B LBS. FUEL USED = 113.5 LES. WEIGHT = 17399.1LBS : ' : e
Figure B2, continued: Example Data Output from the Piloted Simulation
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Figure B2, continued: Example Data Output from the Piloted Simulation
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LISTING OF PILOTED SIMULATION RUNS AND RESULTS
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Piloted simulation Test Matrix
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PILOTED SIMULATION RUN LISTING

't - (sec) .
. eng
SEA STATE O _ : z - (sec=1)
HUD3 W
VELOCITY COMMAND SYSTEM ' T.D., 1~ (ft/sec)
' FIight Time - (sec)
'r/wmax Teng z, Pilot Run No.s T.D. .y r;;ggr P.R.
1.01 0.3 0.0 B 916~920 1.87 26.0 3
" " 0.2 " 911-915 1.70 22.9 2
n " 0.4 " 906-910 2.17 25.0 11/2
" 0.7 0.0 " 891-895 " 3.15 20.2 31/2
" " 0.2 " 896-905 1.42 27.8 21/2
" " 0.4 " 201-905 1.58 31.5 11/2
1.05 0.3 0.0 " . 921-925 - 2,04 23.3 3
" " 0.2 " 926-930 1.61- - 21.6 2
" oo 0.4 " 931-935 1.36 28.0 1
" 0.7 0.0 " 946-950 2.04 17.5 31/2
" " 0.2 " 941-945 1.14  28.4 2 1/2
" " 0.4 " 936-940 1.57 28.0 11/2
1.10 0.3 0.0 " 976-980 1.95 15.1 3
" " 0.2 " 971-975 1.26 23.8 11/2
" " 0.4 " 966-970 0.68 42,1 1
" 0.7 0.0 " 951-955 1.49 24,2 31/2
" " 0.2 " 956-960 1.29 33.2 3
"o " 0.4 " 961-965 1.21 28.4 2
SEA STATE 4
HUD3
VELOCITY COMMAND SYSTEM
1.01 0.3 0.0 " 861-865 2.9 26.1 4 1/2
" " 0.2 " 866-870 4.0 23.2 31/2
" " 0.4 " 871-875 2.8 30.0 3
" 0.7 - 0.0 " 886-890 3.5 27.2 6
" " 6.2 " 881-885 3.7 24.1 5
" b 0.4 " 876-880 3.4 33.1 4
1.03 0.3 0.0 " 856-860 3.0 27.7 31/2
" " 0.2 " 851-855 2.3 24.0 31/2
" " 0.4 " 846-850 1.9 20.1 21/2
" 0.7 0.0 " 831-835 3.9 17.2 4 1/2
" " 0.2 " 836-840 2.8 19.7 3 1/2
" " 0.4 " 841-845 3.5 23.9 3 1/2
1.05 0.3 0.0 " 801-805 4.6 14.7 31/2
" " 0.2 " 806-810 3.4 17.0 31/2
" " 0.4 " 811-815 5.3 23.3 4
" 0.7 0.0 " 826-830 5.4 17.3 5
" " 0.2. v $21-825 4.0 27.7 4 1/2
" " 9.4 " 816-820 3.7 21.9 4
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PILOTED SIMULATION RUN LISTING Cont.

SEA STATE 4 Cont.
HUD3
VELOCITY COMMAND SYSTEM

Moy Teng z, Pilot RunNo.s T.D. ., ~FLIGHT  P.R.
) - TIME
1.07 0.3 0. B 796-800 2.8 15.9 3
" " 0.2 " 786~790 2.8 7.3 -3
" " 0.4 " 791-795 3.0 20.9 2 1/2
" 0.7 .0 " 771775 4.2 21.3 5
" " 0.2 " 776-780 3.7 20.5 4
" " 0.4 " 781-785 4.4 21.2 4
1.10 0.3 .o " 741-745 3.5 14.7 4
" " 0.2 " 746-759 3.5 18.3 3
" " 0.6 " 751-755 3.5 21.3 11/2
" 0.7 0.0 " 766-770 3.6 18.6 4
" " 0.2 " 761-765 4.0 22.3 3
" " 0.6 " 756-760 3.7 22.6 2
SEA STAIE 6
HUDL
VELOCITY COMMAND SYSTEM
1.01 0.3 0.0 A 506-510 8.0 26.2 7
" " " B 616-620 11.6 26.0 10
" " 0.2 A 511-515 6.6 29.3 6 1/2
. " " B 611-5615 9.4 22.7 7 1/2
" " 0.6 A 431-435 6.2 39.0 5
" " " B 606-610 6.9 31.0 7
" 0.7 0.0 A 526-530 6.5 24.9 7
" " " B 591-595 7.2 18.2 8 1/2
" " 0.2 A 521-525 8.6 25.1 6 3/4
"neoooow " B 596-600 9.1 15.4 8 1/2
" " 0.6 A 516-520 5.3 29.0 51/2
" " " B 601-605 7.9 24.5 8 1/2
1.03 0.3 0.0 B 561-5658 9.3 15.4 8
" " 0.2 A 411-415 6.2 23.0 5
" " " B 416-420 8.1 26.1 5
" " " " 566-570 8.7 18.9 7 1/2
" " 0.4 v 571-575 6.7 29.9 7
0.7 0.0 " 586-590 9.6 25.9 8 1/2
" " 0.2 " 421-415 8.6 20.5 5 1/2
" " "L A 426-430 9.1 20.9 6
" " " B 581585 9.5 17.7 8
7.2 16.7 7

" " 0.4 on 576--580
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PILCTED SIMULATION RUN LISTING Cont.

‘SEA STATE 6 Cont. -

~ Hup3

W LT
ARSI AR P
— ——

B

pame A

S,

—

VELOCLTY. COMMAND SYSTEM

/™ Teng Z, Pilot Run No.s Tiﬁivel Flignt P.R.
. Time
1.05 0.3 0.0 B 621-625 6.2 30.0 6
K " " 0.2 " 626-630 7.8 32.3 -6
" " 0.4 " 631-635 7.0 34.3 51/2
" 0.7 0.0 " 636-640 6.4 22.7 6
" " 0.2 " 641-645 9.2 39.8 7
" " 0.4 " 646-650 7.2 24,1 7
1.07 0.3 0.0 A 501-505 8.2 27.9 6
" " " B 661-665 10.0 16.8 7
" " 0.2 A 496-500 8.2 21.2 5 1/4
" " " B  656-660 4,5 28,7 31/2
" " 0.4 A 491-495 5.5 32.5 4 3/4
" " " B 651~655 5.3 22.5 31/2
" 0.7 0.0 A 476-480 6.2 20.5 51/2
" " " B 666-670 8.1 13.1 7
" " 0.2 A 481485 7.2 17.0 5 1/2
" " " B 671-675 8.1 20.4 6
" " 0.4 A 486-490 5.3 23,0 5
" " " B 676-680 7.9 34.5 6
1.10 0.3 0.0 B 696-700 7.6 19.1 7
" " 0.2 " 701-705 7.0 35.4 5 1/2
" " 0.4 " 706-710 5.7 - 38.1 4
" 0.7 0.0 " 691-695 10.2 22.3 7 1/2
" " 6.2. " 686-690 7.1 43.4 6 1/2
" " 0.4 " 681-685 7.3 43.8 S
SEA STATE 6
HUD3
VELOCITY COMMAND SYSTEM
1.01 0.3 0.0 A 156-160 6.1 33.3 5
" " " B 186-190 6.5 24,2 6 1/2
" " 0.2 A 151-155 5.7 34.1 4 1/2
" " " B 181-185 8.5 34.9 6 1/2
" " 0.4 A 146-150 5.6 31.2 4 174
" " " B 176-180 9.4 18.3 51/2
" 0.7 0.0 A 171-175 6.7 28.5 5
" " " B 201-205 6.4 35.4 6 1/2
" " 0.2 A 166-170 © 6.5 26.1 5
"o " " B 196-200 7.9 29.6 7
" " 0.4 A 161-165 7.7 34,2 -5 1/2
" " " 3 191-195 6.7 38.6 5 1/2
B13
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PILOTED SIMULATION RUN LISTING Cont,

SEA STATE 6 Cont.
HUD3 .
VELOCITY COMMAND SYSTEM

T/ T z Pilot Run No.s T.D. Flight P.R.

wax eng w vel. Time .
‘ 1.03 0.3 0.0 A $4-150 7.0 37.7 4 1/2
- " " " " 131-135 7.1 28.7 5
" m " " 271-275 6.7 22.0 5
" " " B 291-295 5.5 21.2 S 1/2
" " " " 556-560 6.0 23.8 5
" " 0.2 A 91-95 6.5 32.3 4 1/4.
[ o " nooon 136-140 4.2 32.2 4 1/2-
| ; " " " B 286-290 6.5 26.6 5
h " " " A 401-405 6.5 33.1 5 1/4
. " w " B 406-410 5.3 44,0 5
" " o " 551-555 5.1 19.1 6
" L 0.4 A 86-90 7.4 38.3 4 1/2
" " " " 141-145 6.5 24,5 4 1/4
" " " A " 266-270 7.1 42,4 5 1/4
. " " " B 281-285 5.4 26.8 4 1/2
" " " " 546-550 7.5 29.8 6 1/2
" 0.7 0.0 A 111-115 6.5 38.9 4 3/4
: " " " " 116-120 6.3 37.1 - 4 3/4
- " " " B 306-310 7.2 17.1 6 1/2
" " " " 531-535 7.6 23.3 7
" " 0.2 A 106-110 8.0 36.7 . 4 34
" " " " 121-125 6.3 25.6 4 1/2
" " oo 276-280 7.7 22.6 5 1/2
" " " B 301-305 5.2 19.9 51/2
" " "o v 536540 4,7 24,5 5 1/2
n " " A 101-105 8.1 35.8 41/2
" " " " 126-130 7.1 33.7 4 1/2
" " " B 296-300 5.8 24.6 5 1/2
" " " " 541-545 4.9 25.7 5
| 1.05 0.3 0.0 A 216-220 8.9 24,2 5 1/2
i " " " B 251-255 7.0 30.7 5
" " 0.2 A 211-215 4.4 26.6 4 1/2
: . " " " B 256-260 5.5 33.6 5
\' " " 0.4 A 206-210 6.6 27.7 5
: " " " B 261-265 7.1 42.4 4 1/2
" 0.7 0.0 A 221-225 7.1 31.5 51/2
! " " W B 246-250 5.0 44.5 6 1/2
) " " 9.2 A 226-230 7.0 38.3 5
" " " B 241-245 8.0 37.2 6 1/2
A 231-235 6.5 30.9 5
B 236-240 9.8 39.9 6 1/2
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: PILOTED. SIMULATION RUN LISTING Cont.
?¢ ‘ SEA STATE 6 Cont.
HUD3
’n VELOCITY COMMAND SYSTEM
L. T/wmax Teng Zw Pilot Run No.s '1‘.D.Ve F']fiizt P.R.
l' 1.05 0.3 0.0 A 216-220 8.9 24,2 51/2
b "o " " B 251-255 7.0 30.7 5
. " " 0.2 A 211-215 4.4 26.5 4 1/2
}\ . 7 " " .Il B 256_260 5.5 33~6 5
" " 0.4 A 206-210 6.6 - 27.7 5
" " n B 261-265 7.1 42.4 - 4 1/2
~‘- : ooo" 0.7 .. 0,0 A 221-225 7.0 31.5 51/2
[ "o " " B 246-250 5.0 44,5 6 1/2
" " 0.2 A 226-230 7.9 38.3 5
. " " " B 241-245 8.0 37.2 6 1/2
\. " " 0.4 A 231-235 6.5 130.9 5
= " Lo " B 236-240 9,2 - 39.9 6 1/2
[? 1.07 0.3 0.0 386-390 5.0 24,7 4 1/2
" " ", " 436-440 5.8 29.5 4 1/2
" " " A 446-450 5.9 25.2 51/4
) " " 0.2 B 391-395 7.8 22.2 4
| n " " " 461-445 6.1 26.7 3 1/2
" " " A 451-455 5.9 31.3 5
" " 0.4 B 396-400 5.5 26.2 31/2
{ : " " " A 456-460 6.0 30.3 4 1/2
: " 0.7 0.0 B 381-385 7.4 23.5 51/2
o " " " A 471-475 5.4 39.9 6
" " 0.2 B 376-380 7.0 27.7 4 1/2
{ " " " A 466-470 7.4 35.6 5 1/2
" " 0.4 B 371-375 7.1 24.7 4 1/2
;- " " " A 461-465 5.7 35.4 4 3/4
}' 1.10. 0.3 0.0 B 321-325 6.7 33.2 31/2
oo " " A 356-360 5.3 32.5 3 3/4
i " " " B 721-725 5.2 26.9 4
[ " " 0.2 " 316-320 5.3 25.8 3
" " " A 361-365 5.9 29.3 4
" " " ) 716-720 4.5 52.1 31/2
i o " 0.4 " 311-315 8.2 40.2 3
" " " A 366-370 6.2 26,2 &4
" " " B 711-715 4.7 53.9 2 1/2
3 " 0.7 0.0 " 336-340 6.9 32.6 5
" " " A 351-355 6.9 34.4 4 1/2
" " " B 726-730 5.6 39.0 4 1/2
i " " 0.2 " 331-335 4.4 29.2 3
n " " A 346-350 6.1 35.0 4
" " " B 731-735 5.4 22.3 4
I " " 0.4 " 326-330 6.4 40.1 3
l " " " A 341-345 5.2 48.9 4
" " " B 736-740 5.0 33.7 5 1/2
i i B15-
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PILQTED SIMULATION RUN LISTING Cont,

SEA STATE 6

HUD3

ATTITUDE COMMAND SYSTEM

B T LT B LI AETIN WY ST S m -~ o Cees B
NI AN NS ST 5. S - A M T LD e

§ T r-:v”--:‘
PR CHRRIIP SRR OO T

T/wmax Teng Zw Pilot Run No.s T.D. F;igﬁc P.R.

1,01 0.3 0.0 B 1051-1055 8.7 36.9 8
"o " 0.2 " 1046-1050 5.7 30.0 7
" " 0.4 " 1041-1045 6.6 29.6 6
" 0.7 0.0 " 1056-1060 6.3 25.3 8
" " 0.2 " 1061-1065 5.9 35.3 6 1/2
" " . 0.4 " 1066-1070 6.9 39.6 6

1.05 0.3 0.0 " 1026-1030 9.5 24.8 8
" " 0.2 " 1031-1035 7.5 29.6 6 1/2
" " 0.4 " 1036-1040 4.8 35.9 51/2
" 0.7 0.0 " 1021-1025 8.7 27.9 8
" " 0.2 . " 1016-1020 9.9 22.2 7
" " 0.4 . " 1011-1015 6.3 27.3 6

1.10 0.3 0.0 " 1081-1085 5.0 33.4 5

" " 0.2 " 1076-1080 6.8 34.8 5
" " 0.0 " 1071-1075 5.4 49.2 4 1/2
" 0.7 0.0 " 996-1000 7.3 23.0 71/2
" " 0.2 " 1001-1005 6.7 31.6 6:1/2
" " 0.4 " 1006-1010 6.7 29.0 6

B16



-

M‘F})Q‘}mw&ﬁ\um\p ~ \\ \\,\: B Y .ﬁ,,‘:’.ff. RN LI R

o et e s =

!

H

N

ey

\ hd

- ————— -

ABSTRACT

The problem of determining the vertical axis control
requirements'fér landing a VTOL aircraft on a moving ship deck in
various sea states is examined. Both a fixed-base piioted

simulation and a non-piloted simulation were used to determine the

landing performance as influenced by thrust-to-weight ratio.

vertical damping, and engine lags.

" The piloted simﬁlation was run using a £ixed-base simulaﬁor ét
H.A.S.A. Ames Research Center. Simplified versions of an existing
AV-8A Harrier model and an existing head-up display format were
used. Tha ship model ﬁsed was that of a DD963 cléss destroyer.

Simplified linear models of the pilot, aircraft, ship notion,
and ship air-wake turbulence were developed for the non-piloted

simulation. A unique aspect of the non~piloted simulation was the

'development of a model of the piloting strategy used for shipboard

landing.  This rodel was refined during the piloted simulation until
it provided a reascnably q&od‘representation of ' obgerved pilot
behavior. Further refinement could leéd to a model suitable for
prediction of landing performance of VIOL aircraft on ships and as
the basis of control logic for'automatic landing.

A surprising result of this simulation was that, with a good
gstation keeping control system and with statistical ship motion
displayed on the head-up display, éilots could consistently perform
Qafe landings. in sea stdte 6, with handling qualities that were

adequate at.thrust-to-weight ratios greater than 1.03 and even .
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marginally adequate down to thrust-to-weight ratios of 1.01. These
regults should hold quite generally provided ghat a thrust-to-weight
ragio'of 1 + A is interpreted as meaning that the pilot always has
the capability of gcceletating the aircraft at &g uéward even in the

presence of ground effect and hot gas reingestion.
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